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Welcome to the final issue of the year.

The last two years have seen an unprecedented worldwide scramble and experimentation with alternative
approaches to formal schooling and higher education. Consequently, IRRODL has been including articles
reflecting the educational community’s response to the pandemic. The fallout from the COVID-19
disruption, as well as how this will influence future approaches to teaching, are certainly on the collective
conscious of educators everywhere.

It is therefore no surprise that we open this issue with Impact of COVID-19 on Formal Education: An
International Review of Practices and Potentials of Open Education at a Distance from a global group of
almost 20 authors (Stracke, Sharma, Bozkurt, et al.) that highlights and analyzes practices and case
studies from 13 countries providing insights on effective and innovative strategies.

Innab, Albloushi, Alruwaili, Alqgahtani, Alenazi, and Alkathiri in their COVID-19 related paper The
Influence of Sense of Community and Satisfaction With E-Learning and Their Impact on Nursing
Students’ Academic Achievement underscore the importance of student-student interaction and
engagement in providing quality online programs.

Ullah, Khandakar, Aziz, and Kee, in their paper Technology Enabling the New Normal: How Students
Respond to Classes extend the technology acceptance model (TAM) and the theory of planned behavior
(TPB) to depict the factors influencing undergraduate students’ intention to attend online university classes
during the COVID-19 pandemic.

Then to better inform future approaches, Mavroudi and Papanikolaou compare and contrast the
experiences of tutors teaching in a distance education university with those who were teaching in a
traditional university during lockdown in their article A Case Study on How Distance Education May
Inform Post-Pandemic University Teaching. The study is intended to shape faculty development programs
at traditional universities helping tutors support dialogical forms of online pedagogy.

In Development of the Online Course Overload Indicator and the Student Mental Fatigue Survey Bayne
and Inan develop and validate survey instruments specific to the online learner. The aim is to reveal
elements that may lead to students being overtaxed in an online learning environment.

In an effort to understand and eventually foster better online discourse, Lemay, Doleck, and Brinton
propose in their article, SLOAN: Social Learning Optimization Analysis of Networks, a method for



comparative analysis based on network metrics as more holistic measures characterizing social learning
group dynamics.

Khor and Dave in their article, A Learning Analytics Approach Using Social Network Analysis and
Binary Classifiers on Virtual Resource Interactions for Learner Performance Prediction, offer a
framework for visualising learners’ online behaviour and use the data obtained to predict whether the
learners would complete a course.

In their quantitative study, Open Distance and e-Learning: Ethiopian Doctoral Students’ Satisfaction with
Support Services, Aberra and Davids assess and report on students’ level of satisfaction with the quality
of student support services provided by an open distance e-learning university.

The Community of Inquiry framework has been used to analyze the effectiveness of online education and
hybrid education. In their study on Translating and Validating the Community of Inquiry Survey
Instrument in Brazil, Parulla, Weissheimer, Santos, and Cogo facilitate its increased use in the
Brazilian context and thus extending opportunities for comparisons with different educational realities.

We are presented with three Book Reviews in this issue. In the first review Paskevicius examines An
Introduction to Open Education edited by Arts, Call, Cavan, Holmes, Rogers, Tuiloma, West, & Kimmons.
This book provides a brief introduction to the topic of open education and was created as part of a graduate
class project at Brigham Young University. The second review, The Finest Blend: Graduate Education in
Canada edited by Parchoma, Power, and Lock is reviewed by Marifah. It presents case studies of
universities across Canada that are experimenting with blended learning models in graduate programs.
Singh provides the third review of The Distributed University for Sustainable Higher Education by
Richard Heller. The book looks at problems facing universities in contemporary times and suggests how a
“Distributed University” can reduce local and global inequalities in access.

In our Literature Review section Zhang, Che, Nan, and Kim provide us with a comprehensive survey of
the development and evolution of MOOC research covering over 4,500 articles in the last decade. MOOCs
as a Research Agenda: Changes Over Time allows the reader to better visualize collective advances
historically and proposes novel ideas for future studies.

Finally in our Notes section, Rawson, Okere, and Tooth in Using Low-immersive Virtual Reality in
Online Learning: Field Notes from Environmental Management Education explore the role of low-
immersive VR as a desktop tool for online distance learning students.

There is plenty of good material in this issue to help one reflect on the response to the pandemic and how
future educational approaches might evolve. Online and distributed learning will no doubt be an important
part of that story—enjoy!

Athabasca
University
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Abstract

In terms of scale, shock, and disenfranchisement, the disruption to formal education arising from
COVID-19 has been unprecedented. Anecdotally, responses from teachers and educators around the
world range from heightened caution to being inspired by distance education as the “new normal.” Of
all the challenges, face-to-face and formal teaching have been most heavily affected. Despite some
education systems demonstrating resilience, a major challenge is sustaining quality and inclusiveness
in formal education suddenly delivered at a distance. In probing these issues, this article profiles
international perspectives on the role of open education in responding to the impact on formal school
and higher education caused by the COVID-19 pandemic. We proceed by highlighting and analysing
practices and case studies from 13 countries representing all global regions, identifying and discussing
the challenges and opportunities that have presented themselves. Reports cover the period from the
beginning of 2020 until 11 March 2021, the first anniversary of the COVID-19 outbreak as declared by
the World Health Organization. In our comparative study, we identify seven key aspects of which three
(missing infrastructure and sharing OER, open education and access to OER, and urgent need for
professional development and training for teachers) are directly related to open education at a distance.
After comparing examples of existing practice, we make recommendations and offer insights into how
open education strategies can lead to interventions that are effective and innovative—to improve formal
education at a distance in schools and universities in the future.

Keywords: school education, higher education, distance education, online learning, open education,
COVID-19 pandemic, impact, educational innovation, international practices and case studies,
qualitative case study
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Introduction

The current COVID-19 pandemic has shaken societies all around the globe. First reports about its
impact on formal education were published by global organisations, such as the United Nations (2020),
the Organization for Economic Co-operation and Development (OECD, 2021a, 2021b, Schleicher,
2020), and in particular the United Nations Educational, Scientific and Cultural Organization
(UNESCO, 2020, 2021), in collaboration with the United Nations Children’s Fund, the World Bank, and
OECD (UNESCO et al., 2020, 2021, UNICEF, 2020). They described how education systems in all
countries witnessed severe disruptions and radical changes during varying degrees of lockdown.
“Normal” (or traditional face-to-face) education was typically interrupted early on, once evidence
emerged that younger carriers of the virus were more likely to be asymptomatic. This meant that new
and adapted approaches and alternative delivery modes at a distance had to be designed and
implemented without delay, sometimes bypassing established quality control processes. UNESCO
implemented a platform (2021) to provide a global overview of all educational responses and resources
connected to COVID-19. There are several studies (di Pietro et al., 2020; Popa, 2020) that collected and
analysed educational practices and case studies from many countries responding to the COVID-19
challenges, but to our knowledge, the study by Bozkurt et al. (2020) is the first one addressing open
education with special focus on distance learning in schools and universities.

The focus of this research was how open education was introduced and used for establishing and
supporting distance learning in different regions worldwide during this period. Our key interest was the
particular affordances of open education in the pandemic and what could be learned from the examples.
Did the “online pivot” and a surge in distance delivery of education lead to more open approaches? Were
there changes that are likely to remain beyond the ongoing pandemic? Through the analysis and
comparison of regional case studies, we explored the strategies and practices that were developed and
implemented and how much they were built on open education. In this way, we followed a broad
approach to identify key aspects and build the ground for future research. We report on the first year of
the pandemic from the beginning of 2020 until 11 March 2021, the first anniversary of the official
COVID-19 outbreak as declared by the World Health Organization (WHO, 2020).

Terminology

Openness in education goes back to ancient times in Greece and beyond (Nerantzi, 2017; Robertson et
al., 2020; Stracke, 2019). Etymologically, there exist strong connections with the Latin root term “liber,”
with semantics spanning freedom, open, and book. Open education is often directly connected with and
understood as open access to education for all (Weller, 2020). However, it has been argued that such
an understanding (reducing the concept to access issues) has shortcomings and that open education
embraces much more: a philosophy of education and learning addressing and enabling openness at all
educational levels and in all dimensions of formal and non-formal learning (Burgos, 2017; Inamorato
dos Santos et al., 2016; Mason & Pillay, 2015; Naidu, 2019; Ossiannilsson et al., 2020; Stracke, 2017;
Zawacki-Richter et al., 2020). The term open education could also be understood by placing emphasis
on its qualifier “open,” but even within the small group of open universities worldwide, there exists a
large diversity in their institutional profiles, as well as in their understandings and practices of openness
(Agbu et al., 2016).

In general and for the purposes of this paper, we use open education as an umbrella term under which
different understandings are accommodated such as the eight different subtopics identified by Weller
et al. (2018), the nine open dimensions identified by Stracke (2017), the 10 dimensions of open
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education as proposed by Inamorato dos Santos et al. (2016), the eight pillars by Burgos (2020), and
the four practices of open education (Ramirez-Montoya, 2020). Such usage goes beyond open
educational resources (OER) and open educational practices (OEP) including open courses and
communities to embrace strategic decisions, teaching methods, collaboration between individuals and
institutions, recognition of non-formal learning, and different ways of making learning and teaching
materials available (Burgos, 2020; Inamorato dos Santos et al., 2016; Mason & Pillay, 2015;
Ossiannilsson et al., 2020; Ramirez-Montoya, 2020; Stracke, 2019; Weller et al., 2018). In this sense,
open education can be characterized as a holistic, open-minded approach, constantly reflecting all
aspects of an educational ecosystem, such as learning objectives, needs, and practices to achieve quality
education for all, and to sustain such approaches (Stracke, 2017). Thus, we broadly define open
education adapting former definitions (Stracke, 2019; Zawacki-Richter et al., 2020) here:

Open education enables learning for all through facilitating openness on all
educational levels (micro, meso, and macro) and in all dimensions (visionary,
operational, and legal openness).

To achieve that, teachers (used here in the broadest sense, including all educators), institutions, and
education systems will face challenges delivering optimal learning opportunities. Such an objective does
not have one single tradition that fits all, and it requires continuous adaptations and improvements that
will very much depend on local contexts (Stracke, 2019).

As we consider the potential benefits for students in schools and universities, we need to ask many
questions about open education: why, what, who, for whom, when, and how. Open education
practitioners have not only to address economic inequities (access to resources), but also cultural
(diversity, cultural sensitivity, and political voice and empowerment) dimensions of social justice.
Otherwise, we risk reproducing the inequities we wish to change (Hodgkinson-Williams & Trotter,
2018).

Within the evolving nature of open education and its plurality of definitions is a core objective of
enabling educational access to those who are disadvantaged or less likely to benefit from traditional
education (Stracke et al., 2021; 2022). To facilitate access, open education can gain inspiration and
support from other open initiatives such as open science to handle the sudden shift to distance and
online education (Stracke, 2020). In the following sections, we analyse how formal education at a
distance has been enabled during the COVID-19 pandemic by openness and practices, with specific
focus on schools and universities (Burgos, 2020; Heck et al., 2020; Stracke et al., 2021; Weller, 2020).

Method

Open is a relative term with many different meanings and interpretations as explained in the
introduction. We wanted to choose a methodology to accommodate and analyse this variety. Thus, we
opted for a qualitative comparative case study with a broad international perspective collecting
practices and case studies from 13 countries: Australia, Brazil, France, India, Mexico, the Netherlands,
Nigeria, South Korea, Spain, Sweden, Taiwan, Turkey, and the United Kingdom. The practices and case
studies describe how formal education was affected by the COVID-19 outbreak and replaced by distance
learning. We analysed which strategies were developed and implemented and which good practices,
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lessons learned, and recommendations could be carried into the future. We focused on this central
research question related to distance and online learning:

In what ways has open education been proposed and addressed using distance and
online learning during the COVID-19 pandemic and lockdowns?

The central question was formulated by the co-authors via consensus to enable regional reports
reflecting the diversity of situations in relation to learning traditions, theories, support, and practices,
as well as to given conditions and contexts such as education systems, curricula, assessments,
institutions, resources, infrastructures, and laws.

A qualitative case study approach was adopted as it was seen as effective in documenting and describing
diverse cases and contexts (Yin, 1984). The study also benefited from collective case study design which
facilitates comparison and contrast across a set of cases (Stake, 1995). The authors—all experts in open
and distance learning and education in a general sense—collected and reported the practices and case
studies in order to synthesise them into an international perspective. Their analysis and comparison
followed the three impact levels (macro, meso, and micro) in education (Stracke, 2019).

Contributions came from multiple authors, each representing certain territories across the continents.
This approach enabled researchers to collect data from the real contexts and understand how open
education is practised (Creswell & Plano Clark, 2018). Such a strategy enables and empowers
researchers to discover how the research phenomenon is perceived and interpreted across the globe
(Yin, 2011). On this basis, the primary data collection tools are observations of the researchers and
documentary evidence that address the scope of the research questions (Yin, 1984).

Using a collective approach to better understand research phenomena has some strengths and
limitations. First, the approach uses researcher triangulation (Denzin, 1978) to frame research
questions which further increases the reliability and validity of the research (Creswell, 2012;
Oppermann, 2000). In this sense, it can be claimed that the strength of the research is its ability to
provide a pluralistic view. Besides, researchers’ experience in the field and on research topics can be
regarded as another factor that contributes to the credibility of the study, notwithstanding that
researchers’ interpretations can be subjective and can reflect their own worldview to some extent
(Creswell & Plano Clark, 2018). In our study, researchers were reminded that while a representative,
pluralistic view is granted, open is a relative term with diverse meanings and interpretations in different
demographic, socioeconomic, cultural, and political contexts as explained above.

Results

This section provides short overviews of the practices and case studies from the 13 countries. All the
countries and their formal education were affected by the COVID-19 outbreak but with different
intensities as presented in Figure 1.
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Figure 1

Impact of COVID-19 on Formal Education in 13 Countries
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In the following, we summarise the results focusing on our central research question. Findings are
grouped in main central topics relevant for several countries, starting with the two major issues with
high impact: students’ marginalisation and missing pedagogical guidelines.

Marginalised or Excluded Student Groups

The COVID-19 outbreak and pandemic has severely impacted disadvantaged and marginalised social
groups from lower socioeconomic backgrounds with less income and resources in general. Such
students, and in many developing countries school-age children who cannot even claim the status of
being a student, often lacked appropriate infrastructure or connectivity for communication with
teachers and peers as well as support through their parents, impeding in particular students with special
needs and lower socioeconomic backgrounds.

These negative effects were recognised early in Australian formal education through establishment of a
website dedicated to resources addressing equity (National Centre for Student Equity in Higher
Education, 2021). Turkey witnessed a clear case of digital divide, and digital literacies of teachers and
students were differential. The government of Sweden put in place an enormous economic initiative
and support measures for marginalised or excluded student groups to help them adapt to the situation,
but also to sustain quality, health (even social-emotional health), and well-being. Other countries
followed the Swedish example. However, increased stress and anxiety among teachers and students,
increased workload, and negative effects on health were reported in several countries due to the
transition to distance education mode. Students felt a sense of loneliness and isolation, and missed their
social student life. In France, teachers and students comfortable with digital teaching and learning were
in a better position than in other countries. Only around 2% of French students faced a digital gap
resulting from stress managing personal work and attending classes in an unstable digital environment.
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Missing, Restrictive, or Unrealistic Pedagogical Guidelines

In most countries, the implementation of open education and related practices resulted in the continuity
of education, mainly in the distance delivery mode. However, specific guidelines for the implementation
of distance learning were often lacking or too restrictive or unrealistic.

Positive examples can be found in Taiwan and Nigeria. The government of Taiwan provided good
practice guidelines for online teaching covering course information, content, and activities. Adoption of
OER in Taiwan was noted during the pandemic; however, teachers lacked suitable competences to
integrate and apply OER in their teaching, and they felt and expressed an urgent need for training about
it. In Nigeria, the National Open University of Nigeria (NOUN) and the 16 dual-mode institutions
promoted open education with enthusiasm. In most other countries, there were issues in the mode of
delivery and lack of related pedagogical guidelines. In Turkey, for example, imitating face-to-face
courses by teachers and the summative assessment system posed great challenges to the government in
assessing around 28 million students. In November 2020, the government of Sweden gave secondary
schools the power to transition to distance education, which helped in decongesting school premises
and reducing the spread of infection, but without direct support. In France, lack of digital competences
in general and digital pedagogical competences in particular was noticeable, calling for appropriate
training. In some countries, constantly changing policy decisions switching back to face-to-face
education in schools or again back to distance learning as well as the frequent discussions preceding
each switch posed serious concerns among the teachers.

Communication Between Students and Teachers

Communication between students and teachers is a crucial aspect for successful learning in the digital
era. It has become even more important during the COVID-19 pandemic due to mobility restrictions
and lockdowns and closures of educational institutions. Such challenging limitations hinder normal
communication mechanisms. Focusing on positivity, people, and emotions are not only important in
higher education (Chatzidamianos & Nerantzi, 2020) but in particular in school education. In most
countries, there was an issue of differential access to digital learning platforms (for overviews, see
Ministerio de Universidades, n.d.). Therefore, the communication between teachers and students
sometimes was low and realised in social media, apps, e-mails, or in the form of telephone calls, short
messages, or sending videos on smartphones. In most countries, virtual learning environments (VLE)
and online platforms such as Zoom, MS Teams, or Google Meet were predominantly used by schools
and universities for connecting teachers with students. In most institutions, these VLE and platforms
were neither available nor used before the COVID-19 pandemic, leading to sudden introductions
without any instruction and training.

Social networking sites and instant messaging platforms and apps played a significant role in these
conditions (no available VLE and platforms) in many countries. In Sweden, teachers and students in
high schools and higher education moved to distance education and were connected using online and
offline tools and digital resources. These tools, which were widely adopted even before COVID-19, scaled
up and helped in increased sharing and cultural awareness while fostering innovations and creativity.
National websites and communication channels were launched in Australia, the Netherlands, Sweden,
and Spain to help people with information, resources, funding, infrastructure, etc. The Nigerian
government put in place suitable policies and established 16 dual-mode institutions to strengthen open
distance education in Nigeria, safeguarding for health crises and promoting online and blended
teaching and learning. In Mexico, the Ministry of Public Education (SEP) used open television channels
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and the Internet for basic education for students, but without a training model, this strategy was not
effective. In Brazil, the Ministry of Education reported in a study from April and May 2020 (Instituto
Peninsula, 2020) that out of 7,734 teachers, the vast majority (83%) felt unprepared to engage in
distance education practices, and 43% indicated that the lack of continuous professional development
was a key issue.

Learning Designs Developed and Used During COVID-19

In most countries involved in this study, the promotion or development of learning designs for distance
education was supported by national ministries and organisations in school and higher education. The
launch of the Digital Education Action Plan (European Commission, 2020) in mid-2020 augmented
distance and online learning throughout Europe, catering to students at different levels of education.
The Australian Council for Educational Research (ACER) published a comprehensive guide on remote
learning, although it is notable that this well-regarded institution omitted discussion of OER (Cowden
et al., 2020).

Self-organised learning communities of teachers on social media provided social, technical, and
pedagogical support for learning designs in most countries, specifically in Turkey, the UK, and Sweden.
In Spain, in alignment with open educational practices, the focus was put on educational
personalisation and a new culture of teacher cooperation and coordination. The offered online courses
promoted social and educational inclusion. The Australian Citizen Science Association (ACSA) enabled
online learning for leveraging citizen science after the devastating wildfires in early 2020 as a notable
example. In Taiwan, virtual reality (VR) solutions using 360 VR technology were adopted during the
COVID-19 pandemic, allowing distance education and maintaining social distance. At the same time,
street loudspeakers were used in some cities in India where there was no Internet; students sat in the
streets and received instructions over public address systems. In France, open access and open science
provided a great support to teachers and students: several national associations concerned about access
to important documents (ICOLC, followed by ADBU, Couperin, and EPRIST) urged publishers to open
their publications to meet the challenges of the COVID-19 crisis. Teachers published their lectures and
contents online for school and university students on the platform Cours en Ligne. In Nigeria, UNESCO
partnered with NUC and NOUN. They conducted, in March 2021, a workshop on distance learning
designs focusing on developing and implementing OER. In the UK, digital access to materials was
enabled as a national initiative which could have boosted OER movement; however, it was more of an
act of charity and support (JISC, 2020). Another challenge arose when commercial providers began
taking advantage of the pandemic by price gouging (Fazackerley, 2021).

Platforms and Innovative Pedagogies Facilitating Open Education at a Distance

While enormously challenging, the COVID-19 pandemic has also created an opportunity in education
systems for a paradigm transition towards openness as well as for distance or digitally-supported
learning. In most countries, the national ministries and authorities established online platforms for
teachers to facilitate open education at a distance, but only some provided guidelines for appropriate
innovative pedagogies. With the purpose of bridging the digital divide, an Education Open Data
Challenge was launched by the global Open Data Institute (ODI) in partnership with Microsoft to
promote innovative solutions for open education (ODI, 2020).

South Korea has committed to implementing open education at a distance for innovating pedagogies as
a result of the COVID-19 pandemic. That is currently under discussion at a national level and will take
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some time to be legislated (Kalezi et al., 2020). In Taiwan, open education at a distance has been
supported by the popular Taiwan Open Course and Education Consortium (TOCEC) as well as by the
government for many years. For example, Taiwan has offered more than 1,400 massive open online
courses (MOOCs) to promote open content or open educational practice, with the notable feature that
these MOOC:s are aligned with national quality standards. In India, two platforms, SWAYAM (Study
Webs of Active—Learning for Young Aspiring Minds), which is a MOOC, and SWAYAM PRABHA (a
bundle of 34 satellite TV channels broadcasting high-quality educational programmes into households
on 24x7 basis), were made available to students. In Australia, open education at a distance is less evenly
adopted, while science publishing opened up during the COVID-19 pandemic which would normally
not be easy to sustain. The Dutch Ministry of Education supported a news group on online education
for all Dutch teachers and scientists in higher education. In Mexico and Spain, institutions with distance
learning capabilities put in place training and communication strategies and used open platforms,
repositories, and materials for design and delivery of courses, while the institutions without such
distance learning experiences faced challenges in communications among teachers and students
(Rodriguez-Abitia et al., 2020; Santos-Hermosa et al., 2020).

Sharing and Implementing OER for Open Education

The UNESCO recommendation on OER (2019) highlighted their benefits and established annual OER
reporting from all UNESCO member states. One major immediate action in almost all countries was the
promotion of OER and their use in designing and implementing open education in both face-to-face
and distance modes.

In Turkey, open education and OER were extensively practiced and used; however, the critical
components of open education (e.g., open licences, pedagogical frameworks, and models) were ignored.
This lack of awareness about the use of OER may be viewed in terms of an anonymised way of the
cultural interpretation of sharing resources. In Spain, MOOCs and OER were developed and shared on
many platforms (some developed due to the COVID-19 pandemic), including UNIRTY, a video portal
hosted by Universidad Internacional de la Rioja with over 500,000 lectures, conferences, and webinars,
mainly in Spanish and English. Furthermore, the European Commission (2021) established a European
platform for collecting and sharing learning resources during the COVID-19 pandemic. In India, the
DIKSHA (Digital Infrastructure for Knowledge Sharing) platform of the government has a mandate of
competence development for teachers and provides access to curriculum-linked OER such as e-content,
quizzes, and QR-coded energised textbooks (Phygital Textbooks). In addition, the National Repository
of OER (NROER) is an open storehouse of e-content in various languages and formats. In Brazil, the
Ministry of Education created the OER portal MEC-RED and reinforced the National Programme for
Textbooks (PNLD—Programa Nacional do Livro Didatico) to ensure that all textbooks have an open
licence and will continue to be offered for free to the 32 million students and 127,000 schools of the
public basic education system in Brazil.

Discussion and Limitations

This section discusses key aspects of the complete reported practices and case studies from the 13
countries. Various national, regional, and local solutions were implemented, taking into account the
new laws and specific regulations that emerged in the different countries and regions facing COVID-19.
We compared these 13 case studies, clustering and synthesising key aspects valid for most (and
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sometimes all) countries, structured according to the three generic impact levels (macro, meso, and

micro) in education (Stracke, 2019). Figure 2 presents the results of our comparison.

Figure 2

Impact of COVID-19 on Formal Education in 13 Countries
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In total, we identified seven key aspects answering our research question concerning how, during the
COVID-19 pandemic, formal education at a distance was introduced and realised in schools and
universities and how open education supported it. Table 1 shows these seven key aspects. Three are
related to open education, and we concentrate our discussion on them.
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Table 1

Key Aspects of Distance Education Due to COVID-19 in 13 Countries

Level Key Aspect

Macro Formal education at a distance for first time
Similar approaches for formal education

Missing infrastructure and sharing OER

Meso Diverse teaching and learning methods and practices

Open education and access to OER

Micro Urgent need for professional development and training for teachers

Assessing and monitoring learning environments, teachers, and students

Note. Aspects related to open education are shown in italics.

Missing Infrastructure and Sharing OER

At the macro level, missing infrastructure and experiences of distance education challenged mainly
formal education in most countries. In all countries, designing distance learning paths and sharing
digital (open) educational resources became a priority. The schools and universities that had established
an infrastructure for open education at a distance before the COVID-19 outbreak and that could rely on
teachers with related competences and resources managed the challenges of distance learning more
smoothly. Peer support among teachers and institutions strengthened a culture of sharing resources
and experiences.

In order to provide easy and free access to online and broadcast educational resources, several national
solutions relied on television and the Internet, as they are mainstream media channels, and sometimes
used networks (Turkey, France, Mexico, and UK). In India, SWAYAM PRABHA, broadcasting high-
quality educational programmes via satellite, reached all regions of the vast country including the parts
without Internet and mobile connectivity. In some countries, private companies and EdTechs partnered
to design educational workspaces and provide access to educational resources. Many teachers chose to
share their resources (short lessons, exercises, etc.), created during the period of lockdown, very often
through direct and personal channels of communication on the Internet and social messaging
platforms. Many teachers and students have also been very resourceful and inventive with the limited
resources available. The modes and strategies for instructional delivery have diversified: OER produced
in various countries have been used by teachers, students, and their parents and carers. The period has
increased awareness of the internationalisation and mutualisation of educational resources. Sharing
OER sometimes led to or accelerated developing open education solutions and platforms such as
BELUGA in Africa. In India, the national platform DIKSHA provided distance learning paths and OER
for school education supporting millions of teachers and students. Another strategy considered how to
identify and remedy the need for equipment and connections in individual households, and how to
reach disadvantaged geographical areas or vulnerable populations (France, Nigeria, South Korea, and
Sweden). Higher education students were particularly considered by national, local, or institution-

10



Impact of COVID-19 on Formal Education:
An International Review of Practices and Potentials of Open Education at a Distance
Stracke, et al.

related initiatives because in almost all countries, universities were indefinitely closed and only distance
education could be offered.

Open Education and Access to OER

At the meso level, innovative pedagogies and practices for enabling open education at a distance were
reported mainly in combination with demands for access to OER. In general, access to resources is
closely linked to educational practices, whether it concerns learning materials and documentation to be
read by students or useful resources for teachers to enrich and develop their practices. In school and
higher education, a strong persistence of traditional resources such as books and manuals was noted:
institutions mainly focused on tools and workspaces for distance education, but did not explore much
the possibilities offered by digital OER and innovative open education. Negotiation for granting access
to e-published books and journals was a current action by ministries, education councils, and academic
library consortia, supported by national and international calls to publishers, with a particular focus on
health-related disciplines. Next to academia and publishing communities, teachers also identified the
need for OER to design and deliver distance learning with the claim of innovative open education and
pedagogies. Furthermore, we noted that policies and strategies to help introduce openness in education
systems were developed by some institutions in countries such as the Netherlands, Sweden, and Taiwan,
while other countries began to follow their examples (India, Mexico, Nigeria, South Korea, and Spain).

Urgent Need for Professional Development and Training for Teachers

At the micro level, the biggest challenge during the COVID-19 pandemic lay in capacity building and
competence development for teachers as well as for support staff, either in a group or individually.
Distance teaching revealed strong differences related to technology abilities and the pedagogical and
digital competences required for distance learning that were a professional development and training
challenge. These different (and often missing) abilities and competences of teachers and support staff
to design and implement appropriate distance education and pedagogical approaches and to use
existing tools or adapt to new environments, sometimes inadequate or insufficient, led to often
complicated solutions, calling for stronger, agile, brave, and resilient leadership and infrastructure.
Experimental approaches by enthusiastic teachers coexisted with strong resistance, mainly in schools,
while in universities, the culture of experimentation, sharing, peer learning, and communities of
practice developed more radically due to the announced and long-term lockdowns in higher education.
Some countries were able to provide training and support, sometimes thanks to years or decades of
experience in distance learning systems (India, South Korea, and Sweden), but very large inequalities
appeared since this massive shift towards online activity often occurred without preparation.

Limitations of This International Review

There are several limitations of this international review. First, the practices and case studies reported
here were based on convenience and direct access to experts who had availability to participate in this
study. Second, the subjective nature of the cases and their collections are based on individual knowledge
and overviews. Third, drawing international conclusions from a limited data set is challenging for
generalisations. Fourth, drawing conclusions across diverse cases leads to comparisons of diverse
circumstances and contexts without consideration of huge differences in traditions, context, conditions,
and cultures. Importantly, we have not specifically addressed the alarming numbers of out-of-school
children that now exist at a scale unimagined prior to the pandemic (Badar & Mason, 2020). This is
partly a consequence of our focus on formal education. Finally, as already mentioned above, we cannot
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judge, value, or validate the different strategies and practices taken in the countries but only categorise
them for a first overview.

For a deeper understanding and truly global perspective and analysis, we need broader and longitudinal
research to collect, compare, and evaluate all challenges, experiences, and solutions that were made
with open education and distance learning during the COVID-19 pandemic.

Consequently, this comparative case study and its results are only the basis for further research. It is
important to emphasise that the identified practices of open education at a distance can be reproduced
and, in particular, be improved in similar contexts and in the future.

Conclusion

The COVID-19 pandemic has disrupted education globally, to which the education sector has responded
with a range of pedagogical ideas and innovations, practices, and strategies. School and higher
education have changed dramatically in a short time, implementing distance learning in many cases for
the first time as a new normal and both benefitting and facilitating open education.

Our analysed international practices and case studies of the use or lack of use of open education and
OER during the COVID-19 pandemic highlight economic inequities (access to infrastructure and
resources), cultural injustice (lack of cultural sensitivity), and political injustice where teachers in
various constrained environments lack voice and empowerment.

This period also brought into focus a broadening digital divide, with huge numbers of students in low-
income countries unable to participate in formal education. Examples from Taiwan, India, and Australia
illustrate innovative socially responsible initiatives enabling students to access materials and
information. In some regions, OER was an act of charity and support while in other places, formal
education depended upon it. This further highlights the still prevailing ignorance about OER in some
cases, while MOOCs again gained prominence, providing a good number of quality resources to
students and teachers.

We noted diverse teaching and learning methods based upon infrastructure, tools, and trained or
untrained teachers. This reveals the need for training teachers in digital competences including open
pedagogies. It was expected that the adoption of open education and OER would accelerate and become
standard in distance learning. However, as reported, traditional pedagogies and teaching models based
on books and manuals persisted in many cases.

On the other hand, the COVID-19 pandemic has pushed teachers to collaborate to a greater extent and
also increased teacher engagement with collaborative processes and network-based tools. The
emergence of a culture of cooperation, collaboration, and coordination has been quite evident. This was
necessary for inclusion at all levels institutionally, and with parents and students.

Open and clear communication and distributed, brave, and proactive leadership are vital during a time
of a crisis, which has been true in particular during the COVID-19 lockdowns. Instructions about
educational delivery modes and assessment by government bodies to the institutions set unique
conditions. Teachers and students at schools and universities often experienced distance learning for
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the first time. For direct communication among students and teachers, but also with parents and carers,
the use of instant messaging apps and social networking was handy. A wide range of offline, online, and
digital tools were used. Some companies, organisations, and even individuals came forward to share
tools, technology, and resources.

Pedagogy of care, compassion, and empathy was another phenomenon, as the pandemic induced
trauma, emotional fatigue, and, in some cases, domestic violence. Student isolation was mitigated with
regular online sessions and webinars. However, there have been reports (UNESCO et al., 2020, 2021)
that these webinars became overused and that there was a sense of revolt among parents and students
as screen time drastically increased. The major transition noted was the offering of formal education at
a distance (spatial and temporal). However, it was primarily not synchronous distance education, but
rather only the delivery of tasks for self-regulated learning. Due to the COVID-19 lockdowns, normal
movement was restricted, and this gave rise to electronic communications using television, Internet,
and even satellites, as in the case of India.

From a planning perspective, we noted that it was also the time for institutions to develop open policies
and strategies of openness in education systems. Quality assurance, assessment, and monitoring, prime
concerns during this time, were discovered and discussed but not completely addressed and resolved.
The COVID-19 pandemic led to unpredicted experiences and spontaneous establishment of distance
education as the new normal without adequate preparation. That has highlighted the need in formal
education for developing digital competences and technologies together with designing innovative and
appropriate pedagogical methodologies and services for distance education. Teachers, students, as well
as parents and policy makers could gain unique experiences when tackling the lockdown through
distance education.

Political injustice in the form of misrepresentation and an associated lack of voice of teachers and
students needs to be addressed. This pandemic has highlighted the need for inclusion and amplified the
call for social justice in education systems. Open movements, often grassroots driven by dedicated
individuals as well as institutions, can make a difference and lead to paradigm shifts as reported. Open
education could demonstrate its benefits for distance learning as the potential new normal through
opening up formal distance education using innovative learning designs and pedagogies and creating
and sharing OER.

Our comparative case study provides the basis and underlines the need for broad research agendas on
open and distance learning. Additional studies can follow up using our provided structure and first
insights, collecting more granular and structured data in all regions worldwide. Overall, future research
should address all three educational levels and focus visionary, operational, and legal aspects, as well
as social justice perspectives, including a pedagogy of care and empathy.
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Abstract

The COVID-19 pandemic has caused a sudden shift to distance learning. For many nursing students,
distance learning is a new experience and an essential requirement if they hope to complete their programs.
Two challenges that nursing students could face during e-learning are the lack of social presence and low
satisfaction. This study aimed to assess students’ sense of community and satisfaction during e-learning
and determine their impacts on academic achievement. This cross-sectional descriptive study used
convenience sampling to collect data via a student satisfaction survey and a classroom community scale.
There was a positive and significant correlation between the sense of community, total satisfaction with e-
learning (p < .001), and academic achievement (p < .001). Academic achievement was positively and
strongly correlated with satisfaction with teaching (p < .001), assessment (p < .001), generic skills and
learning experiences (p < .001), and total satisfaction with e-learning (p < .001). Students who worked
collaboratively with their classmates and were more engaged in their learning were more satisfied with e-
learning and had higher academic achievement (p < .01). Female participants reported a strong sense of
community and satisfaction with e-learning and greater academic achievement than males. Junior students
perceived higher satisfaction scores and greater academic achievement (p < .01) than senior students. The
findings of this study suggest that failing to meet student expectations can lead to low levels of student
involvement. Students’ engagement and satisfaction are good indicators of the quality and effectiveness of
online programs.

Keywords: satisfaction, students, distance learning, sense of community, academic achievement, Saudi
Arabia
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Introduction

In most institutions, distance learning is not a novel mode of instruction. Yet, the spread of coronavirus
disease beginning in 2019 (COVID-19) affected education systems globally (Murphy, 2020). Moreover,
lockdowns during the ongoing pandemic affected health professionals’ education and training. At the
beginning of the pandemic, most courses went online to enforce social distancing among students and
reduce transmission of the virus. Several programs conducted all their classes via distance learning using
various online educational platforms to achieve learning outcomes and sustain the learning process.
Distance learning was considered an effective strategy for delivering course content (Taylor et al., 2020).

The use of e-learning in higher education has increased rapidly in the last decade (Khalil et al., 2020). E-
learning is a valuable method that allows students flexibility in their learning experiences and enables them
to study at a time and location that is convenient. According to several studies, students consider e-learning
simple to use (Opeyemi et al., 2019) and also comfortable and accessible due to readily available learning
materials (Mukhtar et al., 2020).

Like other programs across the globe, the nursing programs in Saudi Arabia (SA) shifted to distance
learning mode due to the rise in COVID-19 cases to help students complete required courses. The sudden
shift to distance learning was a new experience for many nursing students (Bdair, 2021).

The effectiveness of e-learning is well documented in the literature. Numerous studies have highlighted the
various benefits of online learning for students, including saving money and time spent on transportation
and being able to spend more time with their families, study at their convenience, and sleep or rest more
(Suliman et al., 2021; Tang et al., 2015). Students also discovered that online learning made them more
independent in their learning, enhanced their critical thinking and problem-solving abilities, and
encouraged self-reliance (Button et al., 2014; Sinaga et al., 2018; Suliman et al., 2021; Tang et al., 2015).
However, there is a dearth of research assessing nursing students’ sense of community and its impact on
their satisfaction.

Background

Development of a sense of community is not only an essential component of student retention, but also
influences students’ success in distance learning (Bond & Lockee, 2014). The concept of a classroom
community refers to the sense that members matter to one another and to the group, that they have
responsibilities and obligations to one another and to the school, and that they have shared expectations,
through which members’ educational needs will be satisfied via shared learning goals (Rovai, 2002).

Connectedness and learning comprise two components of a classroom community in online studies. Rovai
(2002) identified the following four essential prerequisites to support the development of a sense of
community in an online class: spirit (recognition of membership), trust (willingness to rely on other team
members), interaction (either task-driven or socio-emotional in origin), and the commonality of
expectations and goals (learning). A sense of community in online classes is essential to promote students’
satisfaction and help them feel connected and engaged. Instructors and faculty members are responsible
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for building students’ sense of community in online classes by designing interactive learning experiences
(Glazier, 2016). Many authors have stated that student-faculty connections foster students’ sense of
community, belonging, cohesiveness, and engagement. In their studies, students seemed to value their
relationship with their instructors, which is a proven predictor of students’ satisfaction with online learning
(Ali & Ahmad, 2011; Lee & Bonk, 2016; Luo et al., 2017; Smith, 2016). Online discussions facilitate
interactions among students and provide them with opportunities to discuss academic and personal
experiences with their peers (Shackelford & Maxwell, 2012).

Creating an online community was found to positively affect the quality of education as well as students’
engagement and motivation. A meaningful online educational experience is one that is rooted inside the
community of inquiry (COI), made up of the most important participants in the learning process: students
and instructors (Fiock, 2020). The COI is a model that focuses on the promotion of meaningful learning
experiences through the use of three factors: cognitive presence, which is reflected in students’ engagement
with the course materials; social presence, represented by students’ involvement with other learners and
cultural aspects of the learning environment; and instructional presence, which is symbolized by students’
interaction with instructional methods and learning activities (Fiock, 2020).

Learning occurs when students participate, engage, and collaborate with each other (Green et al., 2017;
Trespalacios & Perkins, 2016). Instructors enhance students’ sense of community through regular
communication, quality feedback, support, and interactions with the students (Green et al., 2017;
LaBarbera, 2013). Furthermore, synchronous activities allow students to learn and interact with their peers
and instructors (Rockinson-Szapkiw et al., 2016). Different tools and strategies have been identified to
enhance students’ sense of community in online classes, such as social networking platforms (Rockinson-
Szapkiw et al., 2016), video conferencing (Armstrong et al., 2018), asynchronous discussion boards
(Trespalacios & Perkins, 2016), and collaborative tools such as Google Workspace (Abdelmalak, 2015).

A major challenge that nursing students could face during e-learning is the lack of social presence (Mayne
& Wu, 2011). Social presence is considered one of the factors required for creating a successful online
learning experience. It is defined in the COI model as the ability of individuals to project their personal
traits into the community, thus presenting themselves to the other participants as “actual people” (Fiock,
2020).

Prior studies have reported a positive association between a sense of community in online classes and
student satisfaction (Moore, 2014; Shackelford & Maxwell, 2012). Perceived learning, satisfaction,
engagement, and achievements were also positively influenced by the sense of community in online classes
(Glazier, 2016; Top, 2012). LaBarbera (2013) reported that students’ satisfaction with online classes was
greater among those who felt engaged and got along with their classmates and instructors. However, studies
comparing students’ sense of community in online and face-to-face classes found that students experienced
a higher level of satisfaction in the latter (Ritter & Polnick, 2008). The unexpected switch to online learning
caused by the pandemic may have affected students’ sense of community and satisfaction, especially in
cases where instructors lacked the skills to successfully implement strategies to create a classroom
community in this context (Robinson & Hope, 2013; Vilppu et al., 2019). In this regard, it is worth noting
that studies examining the influence of a sense of community and satisfaction with e-learning on nursing
students’ academic achievement are lacking.
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Student responses are vital indicators of concern regarding online courses as they reflect variations in the
sense of community, especially in distance learning. A sense of community can be achieved desirably, in a
well-structured manner, to facilitate the satisfaction and comfort of online learners regarding knowledge
acquisition. Therefore, this study aimed to assess students’ sense of community and satisfaction during e-
learning and determine their impact on students’ academic achievement.

Methodology

Design and Sampling

This was a cross-sectional, descriptive study. The study data were collected at a single point in time using
the convenience sampling method. The inclusion criteria were as follows: (a) current enrollment as an
undergraduate nursing student, (b) prior or current enrollment in practical courses (e.g., health assessment,
adult, or critical care courses), (c) current enrollment in courses that were completely online or hybrid, and
(d) proficiency in English, as the study questionnaires were not translated into Arabic. Interns who were no
longer taking theoretical and clinical courses were excluded.

G*Power software, release 3.1 (https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-

und-arbeitspsychologie/gpower), was employed to determine the sample size. A minimum of 82
participants were required to run the bivariate Pearson’s correlation and independent sample t-test. The
final sample size in this study was 103.

Participants and Procedures

As the education system was largely run online across the country during the initial phase of the COVID-19
pandemic, nursing students were recruited using social media, such as Twitter, student clubs, and
university e-mail accounts. Nursing students were recruited from a public university in SA.

Anonymous surveys were created using an online platform. Students were presented with the recruitment
statement, the classroom community scale, and the student outcomes survey during the semester and prior
to final exams. The recruitment statement included specific information regarding participants’ privacy,
confidentiality, and the risks and benefits of participation. Students were informed that participation in this
study was completely voluntary and that there would be no consequences if they decided to withdraw.
Moreover, students were informed that no identifiers, except the university identifier, would be collected,
and that all gathered data would be reported in aggregate form.

Table 1 shows the demographic characteristics of the participants (n = 103). The students’ ages ranged from
18 to 23 years, with the majority being 18 to 20 years old (63.1%). Female students comprised the majority
of the study sample (84.5%). Regarding the level of education, all students were enrolled at the time in a
bachelor’s program in nursing (BSN), with junior students representing the majority of the sample (59.2%).
The mean sample academic achievement score was 3.59 (SD = 0.55), with a possible range of 1—5.
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Table 1

Sample Characteristics of the Participants

Characteristic n %

Age (years)

18-20 65 63.1

21-23 38 36.9
Gender

Male 16 15.5

Female 87 84.5
Level of education

Junior 61 59.2

Senior 42 40.8

Note. N = 103. The mean GPA was 3.59 (SD = 0.55).

Measures

The participants completed a sociodemographic form that collected information on age, sex, and their
current semester in nursing school. The students’ grade point average (GPA) was extracted from the
registration records using the university identifier.

In addition, students completed the student outcomes survey, a self-reported instrument aimed at
measuring students’ satisfaction with their learning. It included 19 items and three subscales (i.e., teaching,
assessment, and generic skills and learning experiences; Fieger, 2012). All items were rated on a 5-point
Likert scale that ranged from 1 (strongly disagree) to 5 (strongly agree). Higher scores indicated a greater
level of satisfaction. This instrument was previously used with the same population and demonstrated
reliable and valid results (Alqahtani et al., 2021).

In this study, the Cronbach’s alpha (a) values were .92 for teaching, .94 for assessment, and .95 for generic
skills and learning experiences. The overall reliability of the scale was .93, thus indicating the reliability and
suitability of the scale (see Table 2).

Finally, students completed the classroom community scale, which measures the sense of community in a
particular learning environment (Rovai, 2002). This self-reported measure comprised 20 items and two
subscales: connectedness and learning. Each item was measured on a 5-point Likert scale ranging from
strongly agree to strongly disagree. Specific items within each subscale were reverse-coded in this study
to ensure that the least favorable choice imparted a low value and the most favorable choice was assigned a
high value. This instrument has previously shown reliable and valid results, with a Cronbach’s a of .93
(Rovai, 2002). In this study, the Cronbach’s a values were .75 for connectedness and .70 for learning, which
were toward the lower end of acceptability. The overall reliability of the scale was .72.
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Data Analysis

IBM SPSS Statistics software (Version 28) was used to analyze the results. Data management and cleanup
were completed prior to the analysis. Descriptive statistics (M, SD, and percentage values) were used to
describe the demographic characteristics and missing data across all variables. Except for the demographic
questions, all items were completed using the force completion option. None of the variables had more than
5% missing data. The reliability coefficient was calculated for the scales and subscales. Bivariate correlation
was used to assess the association between sense of community, students’ satisfaction, and GPA.

An independent sample t-test was used to determine the relationship between nursing students’
characteristics and the outcome variables.

Ethical Considerations

Approval from the appropriate ethics committee (Institutional Review Board) was obtained prior to study
onset. Permission to use the instruments was obtained from the authors prior to data collection.
Participants signed an informed consent form prior to filling out the questionnaire.

Findings

Table 2 shows the average score and reliability coefficient for students’ sense of community and satisfaction
regarding e-learning. The average score on the sense of community scale was moderate (M = 3.3, SD = 0.62).
However, the total students’ satisfaction score was high (M = 3.99, SD = 1.00), indicating that students were
satisfied with the e-learning system.

Table 2

Average Scores and Reliability of the Scales

Variable M SD Cronbach’s a
Sense of community scale 3.3 .62 .72
Connectedness 3.33 .69 .75
Learning 3.25 .62 .70
Satisfaction scale 3.99 .87 .93
Teaching 4.22 .83 .94
Assessment 3.86 .97 .02
Generic skills and learning experiences 3.89 1.0 .95
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Association Between Sense of Community, Satisfaction with E-Learning, and Academic
Achievement

Table 3 presents the correlation matrix for sense of community, total satisfaction with e-learning and its
subscales, and students’ academic achievement (GPA). The bivariate correlation showed a positive and
significant correlation between the sense of community and satisfaction with teaching (r = .269, p < .001),
assessment (r = .258, p < .001), generic skills and learning experiences (r = .238, p < .01), academic
achievement (r = .526, p < .001), and total satisfaction with e-learning (r = .272, p < .001). Academic
achievement (GPA) was positively and strongly correlated with teaching (r = .454, p < .001), assessment (r
= 455, p < .001), generic skills and learning experiences (r = 439, p < .001), and total satisfaction with e-
learning (r = 480, p < .001).

Table 3

Correlation Matrix for Sense of Community, Total Satisfaction with E-Learning and its Subscales, and
Academic Achievement

Variable 1 2 3 4 5 6
1. Sense of community -
2. Teaching subscale .269%* —
3. Assessment subscale .258%*  80g**¥ —
4. Generic skills and learning experiences .238% .750%%  .852%* —
5. Total satisfaction with e-learning 272%%  9o5**  .954%*  .937** —
6. Academic achievement (GPA) 526%* 454%%  .455%%  .439%*  .480%* —

Note. N = 103. Pearson’s correlation was used. *p < .01. **p < .001

Relationship Between Demographic Characteristics, Sense of Community, Total
Satisfaction with E-Learning, and Academic Achievement

Regarding the sample characteristics (Table 4), there was no statistically significant difference among the
age groups regarding sense of community, overall satisfaction with e-learning, and GPA. However, gender
showed significant associations with a sense of community, overall satisfaction with e-learning, and
academic achievement. Specifically, female participants reported a strong sense of community (t = 1.69, p
< .05), total satisfaction with e-learning (t = 2.29, p < .05), and greater academic achievement (t = 2.04, p
< .05) compared to male students. Additionally, there was a statistically significant difference between
junior and senior students in terms of total satisfaction with e-learning and academic achievement. Junior
students had higher satisfaction scores (t = 3.51, p < .001) and higher GPAs (t = 2.44, p < .01). This may
indicate that it is feasible for junior students to learn nursing skills using e-learning before the onset of
clinical practice. However, applying nursing skills may require physical attendance, which could explain the
lower satisfaction levels toward e-learning and lower academic performance of senior students.
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Table 4

Differences Between the Sample Characteristics and Sense of Community, Total Satisfaction with E-
Learning, and Academic Achievement

Characteristic Sense of community Total satisfaction with e- Academic achievement
learning
M  SD t p M SD t p M SD t p
Age
18-20 3.23 .69 1.07 .14 4.0 86 1.43 .07 3.61 .58 .323 .37
21-23 3.37 .48 3.83 .87 3.57 .49
Gender
Male 3.04 .81 169 .04* 344 1.0 2.29 .017* 3.34 .56 2.04 .02%
Female 3.33 .58 4.09 .79 3.64 .53
Education
Junior 3.35 .58 132 .09 4.25 .57 3.51 <.001** 370 .50 2.44 .008%**
Senior 3.19 .68 3.61  1.07 3.43 .58

Note. N = 103. Independent sample t test was used. “p < .05. ”p < .01.

Discussion

Online education has emerged as an essential component of the Saudi Arabian education system. In
particular, it has established its significance by enabling students to continue their learning during the
COVID-19 pandemic. However, evaluating the effectiveness of online education in SA is challenging due to
differences in students’ schooling levels, specialty types, and age groups. Recent studies have reported
contradictory results regarding the effectiveness of online learning in SA.

The results of our study in terms of high satisfaction with e-learning are in line with the findings of Aboud
(2021), although a number of students faced some issues with information technology resources. With
respect to community and participation, our results comply with those of Mahyoob (2021), who exhibited
the success of online learning in his study of the parameters of preference, participation, and assessment.

In our study, nursing students were satisfied with e-learning, which is consistent with previous studies
(Abbasi et al., 2020; Algahtani et al., 2021). Moreover, our study exhibited a significant, positive, and strong
relationship between the sense of community, satisfaction with e-learning, and students’ academic
achievement. These results are in line with the research conducted by Rajabalee and Santally (2021), who
collected data from students in different disciplines and found a significant relationship between learners’
engagement and satisfaction with the learning-teaching process.

Furthermore, the findings of our study indicated that the level of satisfaction was also directly associated
with students’ academic achievement, and these findings are consistent with the study conducted by Jawad
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and Shalash (2020), who revealed that implementing e-learning strategies for college students improved
students’ academic achievement. In one study, perceived interactions with other students had the greatest
effect (30%) on student satisfaction (Asoodar et al., 2016), and these findings are consistent with our
research, which also exhibited a positive relationship between the sense of connectedness and community
and satisfaction in terms of teaching, knowledge acquired, and assessment methodology.

Other studies have stressed the importance of blended learning in students’ academic achievements
(Alshawish et al., 2021; Alvarez et al., 2017; Leidl et al., 2020). Blended learning differs from e-learning,
enabling instructors to integrate technology with traditional face-to-face teaching. In e-learning, courses
are taught completely online with few or no face-to-face interactions. Ghasemi et al. (2020) reported that
the level of engagement in academic learning influenced nursing students’ success. Previous research
indicated that the high frequency of meetings between nursing students and their mentors increased
students’ satisfaction with the clinical learning environment (Papastavrou et al., 2016). It is worth
mentioning that previous studies did not assess the learning outcomes for senior nursing students. Students
at advanced levels need to apply their nursing skills under supervision, which could enhance their
satisfaction with the learning strategies and, in turn, enhance their learning outcomes. This could explain
the low levels of satisfaction and academic achievement among senior nursing students observed in our
study. To date, few studies have focused on the sense of community and satisfaction with e-learning among
nursing students, which prevents us from drawing comparisons.

We also specified how nursing students’ satisfaction with e-learning influenced their academic
achievement. We found that students’ GPA was positively and significantly associated with teaching,
generic skills, and learning experiences. This result is congruent with the work of Ludin and Fathullah
(2016), who found that clinical teaching behaviors had a strong influence on nursing students’ learning.
Pournamdar (2015) collected data from 165 nursing students to understand their perceptions of the
characteristics of effective instructors. The students revealed that applying appropriate teaching methods
was one of the highest rated characteristics of instructors (Pournamdar, 2015).

Female participants in this study reported a strong sense of community within the e-learning system
compared to their male counterparts. This result is consistent with previous studies conducted in Western
countries (Johnson, 2011; Tsai et al., 2015), which found that female students perceived greater social
presence during online learning compared to male students. We also found that female participants had
higher satisfaction and GPAs compared to male students. Jawad and Shalash (2020) evaluated the effects
of a sudden transition to e-learning among Palestinian nursing students and concluded that despite the
overall increase in students’ GPAs after the implementation of e-learning, female students had higher GPAs
than male students. One reason for this may be the fact that a higher number of respondents or participants
were female, which could influence the average GPA of the total sample size.

Moreover, we found that students at lower levels of nursing school had higher satisfaction rates compared
to those at advanced levels. This result is consistent with previous research studies. Papastavrou et al.
(2016) found that first-year nursing students had higher satisfaction levels compared to students in other
years (Papastavrou et al., 2016). Nursing students at lower levels learn nursing skills prior to the onset of
clinical practice (Jeong, 2017), which may be more feasible through e-learning, whereas those at advanced
levels, such as students in their internship year, must apply their acquired nursing skills in clinical settings
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(Grande et al., 2021). Similar findings were also reported by Abbasi et al. (2020), who found that more than
two thirds of the nursing students who participated in their study believed that practical skills were best
learned in clinical settings. Thus, the evaluation of clinical competence among nursing students at advanced
levels, specifically those who participated in e-learning, warrants further investigation.

Nursing researchers have raised the question of how nursing education can be successfully delivered in a
culture of social distancing in real-world clinical practice (Dewart et al., 2020; Natarajan & Joseph, 2022).
Some courses are clinical in nature and need a face-to-face approach. Thus, it is unsurprising that senior
students in this study expressed concern about being able to successfully earn their degree without reaching
students’ learning outcomes.

Implications

Education is among the basic pillars facilitating the development of a country. Since the onset of the COVID-
19 pandemic, the online learning medium has been predominantly used in education systems (Alqahtani et
al., 2021). In this context, our study is relevant as it has implications for the future of teaching and learning
in technology-enabled learning environments. Online learning has not only disrupted traditional teaching
practices, but also created difficulties for instructors in adapting to this medium. Failure to meet students’
expectations can lead to low levels of student involvement. Thus, students’ satisfaction and engagement are
good indicators of the quality and effectiveness of online programs. Nursing programs must determine
whether their students are satisfied with their learning experience. Repeating this investigation is necessary
to adopt appropriate policies for the survival of the education system. Therefore, higher education
institutions should continuously strive to create a reliable and supportive environment that includes
interactive techniques to increase students’ sense of community in order to increase their satisfaction with
e-learning.

This study calls for further action through seminars and training sessions to introduce innovative teaching
techniques and alternative assessment plans for instructors and learners. This study can help educational
institutes develop effective techniques for online communication while helping them manage the possible
behavioral and emotional difficulties of students during online learning courses. Instructors need to stay
involved in promoting collaboration and conversations among students. Our findings also have
implications for institutional e-learning policies aimed at improving learning design models, student
support and counseling, and learning analytics.

Limitations

This study has some limitations. First, social desirability bias may be present in the participants’ responses
due to the self-reported nature of the measures. To minimize social desirability bias, the students were
informed that their responses would be reported in an aggregate form. Second, we did not assess differences
in the pedagogical styles of faculty members in the nursing school. We recommend that future researchers
determine the differences in teaching style, quality of teaching, and quality of instructional practices and
their impact on students’ academic achievement. This could be assessed by adopting a between-subjects
study design.
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Conclusion

This study highlights the influence of nursing students’ sense of community and satisfaction during e-
learning on their academic achievement. It devises strategies for educational institutions to improve the
level of interaction and cooperation among students using participatory teaching methods. Our findings
reveal a significant relationship between a sense of community and satisfaction with e-learning and
students’ academic achievement, which has not been documented in previous literature.

The rise of e-learning in SA is an unexpected benefit of the COVID-19 pandemic. However, nursing students
at advanced levels of schooling might not be able to maximize the benefits of e-learning due to their inability
to demonstrate their skills in real-world clinical practice. In order to meet nursing students’ needs, proper
strategies should be implemented based on existing evidence. The national distance education plan may
require further modifications to completely satisfy the needs of nursing students. The use of blended
learning may help accomplish their learning objectives.
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Abstract

This cross-sectional study investigates the online education intention of undergraduate students in the
largest and oldest public university in Bangladesh during the COVID-19 pandemic. Under convenient
sampling, 843 undergraduate students with rural and urban backgrounds participated in an online self-
administered questionnaire. Partial least squares structural equation modelling (PLS-SEM) was
employed to examine the hypothesized relationships. We found that students’ online class intention is
significantly influenced by their attitude towards online classes (AOC), perceived usefulness (PU), and
facilitating conditions (FC). We further identified that external antecedents have significant indirect
effects on the outcome variables. Our findings provide new insights and contribute to a learners’
community on online classes during the COVID-19 pandemic. This study extends the technology
acceptance model (TAM) and the theory of planned behavior (TPB) to depict the factors influencing
undergraduate students’ intention to attend online classes (I0C) during the COVID-19 pandemic.
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Introduction

In response to the worldwide emergency caused by the COVID-19 pandemic, many universities closed
their on-campus academic activities and initiated online classes (Daniel, 2020; Murphy, 2020). Unlike
adopting or accepting online learning as an alternative to face-to-face classes, the phenomenon of online
learning during COVID-19 was merely a solution to address specific problems that the academic
institutions were facing during the crisis (Dhawan, 2020). However, the rapid shift from a face-to-face
classroom environment to online classes is creating various challenges (Crawford et al., 2020).
Academics who normally conduct face-to-face lectures and communications may not be finding the new
mode comfortable. Furthermore, students’ adaptation capacity widely varies across countries. There
remains ample scope for new research into the intention to use online education for both
contextualization and theoretical extension.

During the COVID-19 pandemic, Bangladesh has been one of the most affected nations in the world
(Bodrud-Doza et al., 2020). After detecting the first case in Bangladesh, authorities decided to
shutdown academic activities on campuses in March 2020 (Anwar et al., 2020; Khan et al., 2020) to
ensure social distancing as it is believed to be effective against transmission of the virus (Venkatesh &
Edirappuli, 2020). Several months after the shutdown of on-campus academic activities, public
universities in Bangladesh started using online education platforms with students (Al-Amin et al., 2021)
though most academic institutions were yet to adopt well-established learning management systems
(LMS) such as Moodle, Brightspace, WebCT, Blackboard, and Desire2Learn. Instead, online classes
were conducted using Zoom, Google Meet, Webex, and other social media platforms that are not well
developed LMSs.

Although the online class has been adopted globally as a tool during the crisis, the success of online
learning largely depends on users’ acceptance. Countries with limitations in technological advancement
are not ready to implement online education (Sintema, 2020). Bangladesh does not belong among
technologically developed countries as it was ranked 147 in the ICT Development Index among 176
countries in 2017 (Chowhan & Ghosh, 2020). The educational institutions of Bangladesh are at an early
stage of adopting e-learning technologies for academic purposes, and the experience of using such
technologies is new for both academics and students (Sarker et al., 2019). As online learning is a current
phenomenon in Bangladesh, not much research has been conducted regarding the attitude and
behavioral intention of students in the context of an online class. Since the online class during COVID-
19 is not similar to a well-developed LMS, it is also essential to assess the experience of students and
their attitudes about online academic activities. Therefore, we investigated the online class intentions
of undergraduate students in a public university in Bangladesh, where online classes officially started
several months after lockdown came into force in March 2020. The research was intended to extend
available literature, incorporating new antecedents of online class intentions and unveiling the context
of a lower middle income country where more than 3.2 million people are enrolled at the tertiary level
of education (Mannan, 2017).
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Literature and Hypotheses Development

Intention to Attend Online Classes (I0C)

Several factors affect behavioral intention. According to the technology acceptance model (TAM),
attitude, perceived usefulness (PU), and perceived ease of use (PEU) influence behavioral intention
(Davis, 1989). Aligned with the TAM, we investigated how attitude, PU, and PEU influenced students’
intention to attend online classes during COVID-19. We also extended the TAM by adding four
variables: personal innovativeness (PI), technological complexity (TC), expected performance (EP), and
facilitating conditions (FC). Figure 1 summarizes our research model.

Figure 1

Research Model

Note. SN = subjective norm; EP = expected performance; PI = personal innovativeness; TC = technological
complexity; OCA = online class anxiety; FC = facilitating condition; PU = perceived usefulness; PEU = perceived

ease of use; AOC = attitude towards online classes; IOC = intention to attend online classes; H = hypothesis.

Attitude Towards Online Class (AOC)

Attitude is widely held to be a person’s positive or negative feeling about performing a target behavior
(Fishbein & Azjen, 1980). Attitude deals with the possibility of performing and accepting a specific
behavior (Davis, 1989; Hao, 2004). According to Kaplan (1972), the term attitude refers to the response
tendency, favorable or unfavorable, to an event. In this study, attitude indicates whether students are
interested in online classes, have positive feelings, and are willing to participate in an online class.
Students’ positive or negative attitude contributes to their online learning activities and their behavioral
intention to use updated technology for learning (Venkatesh & Davis, 2000). Mailizar et al. (2021)
identified that attitude positively influences the behavioral intention towards using online classes.
Therefore, we set the following hypothesis:
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H1: AOC positively influences IOC during COVID-19.

Perceived Usefulness (PU)

PU of technologies is one of the vital elements of the TAM. PU refers to the degree to which students
using a particular system believe that it would improve their study performance and be more
advantageous than earlier methods of study (Abdullah et al., 2016; Liu et al., 2009). PU influences a
user’s choice of whether to admit or refuse a particular technology. In accordance with the TAM (Davis,
1985), students’ PU influences their attitude towards online learning through the use of technology.
Moreover, PU has been consistently found to be a direct determinant of e-learning (Liu et al., 2009).
With regards to the relationship between PU and IOC, Rizun and Strzelecki (2020) found that PU
positively influences AOC. As such, we expect:

H2: PU positively influences I0C during COVID-19.
H3: PU positively influences AOC during COVID-19.

Perceived Ease of Use (PEU)

PEU refers to how quickly and confidently people believe that they can use a technology (Esteban-Millat
et al., 2018). According to the TAM, PEU is one predictor of users’ attitudes towards technology
adoption (Davis, 1989). Studies suggest that PEU positively influences learning attitudes about online
classes (Rizun & Strzelecki, 2020). Besides, earlier studies have confirmed that PEU could positively
and significantly influence PU (Abdullah et al., 2016; Binyamin et al., 2019). Moreover, several studies
(Al-Fraihat et al., 2020; Vanduhe et al., 2020) on online learning proved that PEU affects PU. In line
with earlier evidence on PEU, it is likely that when students hold positive perceptions of the ease of
using technologies, they consider virtual classes useful and embrace them without hesitation. Based on
previous studies, the following hypotheses are postulated:

H4: PEU is positively related to AOC during COVID-19.
Hs: PEU is positively related to PU of online learning during COVID-19.

Facilitating Condition (FC)

The term facilitating condition refers to whether an individual believes that sufficient infrastructure is
available to use a specific system (Venkatesh et al., 2003). FC indicates the state where all the required
facilities, tools, equipment, and assistance are supplied to an individual to use a system. Prior studies
reveal that FC significantly influences students’ intention to use interactive e-learning systems in a
learning environment (Teo, 2010; Wong et al., 2013). Earlier research also demonstrated that FC
predicted the PEU of web-based learning and assessment (Nikou & Economides, 2017). Sukendro et al.
(2020) identified a positive relationship between FC and PEU in e-learning during COVID-19. Thus, we
expect:

H6: FC positively influences IOC during COVID-19.

H7: FC positively influences PEU of online classes during COVID-19.
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Subjective Norm (SN)

According to Fishbein and Ajzen (1975), SN refers to the degree of individual attention affected by other
societal members’ views while taking a specific decision. It assumes that an individual’s belief about
whether to carry out a specific behavior is significantly influenced by the judgment of others. Several
studies have indicated that SN is one of the vital factors in the uptake of technology-based services
(Venkatesh & Davis, 2000; Yang et al., 2012). Moreover, favorable opinions of relatives, friends, peers,
and family members induce an individual to take up new services, and the individual begins to perceive
that these services are useful (Schepers & Wetzels, 2007). Venkatesh and Bala (2008) and Teo et al.
(2019) suggested that SN has a significant influence on PU. In the case of students, their teachers,
friends, peers, and family members are regarded as significant influencers on adopting technology to
assist with attending online classes (Teo, 2012). Based on this discussion, the following hypothesis has
been developed:

H8: SN has a positive influence on PU of online classes during COVID-19.

Expected Performance (EP)

Expected performance is often seen as an individual’s perception of completing a task successfully.
Venkatesh and Davis (2000) stated that EP indicates whether a system accomplishes the given tasks
effectively and efficiently. In this paper, EP refers to students’ perception(s) regarding the quality of
learning in online classes and whether it increases their skill(s) and academic performance and
effectively equips them. Moreover, Venkatesh and Davis (2000) mentioned a correlation between
output quality and PU, which was later empirically tested in the TAM (Jan & Contreras, 2016; Venkatesh
& Bala, 2008). These studies indicated that the PU of a system is formed by an individuals’ perception
of how well the system might accomplish the given tasks and their mental assessments of the
performance from applying that system (Venkatesh & Bala, 2008). We hypothesize that EP may
influence students’ PU of technology.

Hog: EP positively influences PU of online classes during COVID-19.

Personal Innovativeness (Pl)

Personal innovativeness denotes the traits that explain a person’s willingness to find and adopt new
technology and search for ways to experiment with it. In a broader sense, PI indicates whether a person
is willing to adopt technologies or ideas that surpass the extent of their familiarity (Aldas-Manzano et
al., 2009). Moreover, PI indicates an inherent side of an individual’s personality, and the degree of
innovativeness differs from person to person (Yang et al., 2012). Area-specific innovativeness helps
users regarding the acceptance of technological innovation (Yi et al., 2006). However, an individual
with a greater degree of PI in information technology in general might build up more favorable
perceptions of the innovation and a better behavioral intention to accept it (Agarwal & Prasad, 1998).
Thus, it is important to ascertain the role of personal innovativeness in the broader area of information
technology research and technology adoption in online classes. Based on the earlier literature, we posit
the following hypotheses:

H1o: Students’ PI positively influences their PU of online classes during COVID-19.

H11: Students’ PI positively influences their PEU of online classes during COVID-19.
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Technological Complexity (TC)

Technological complexity refers to the technological level that an individual requires to get familiar with
a new technology and perform task(s) with it more effectively. Thompson et al. (1991) stated that TC
refers to users’ belief in the extent to which a technology is complicated to use. Moreover, considering
human information processing capacity confines, Venkatesh and Bala (2008) recommended that TC
largely influences technology users’ PEU. They stated that when users find a technology is too complex,
they might perceive it as challenging to use. In educational settings, TC was found to have an opposite
association with students’ PEU (Cigdem & Topcu, 2015; Teo, 2009). It is reasonable to expect that when
students taking online classes use a technology with a greater TC than the commonly used technologies
(e.g., e-mail and Microsoft Office applications), they might perceive that technology is not easy to use
and more effort is required. Therefore, the following hypothesis is formulated:

Hi12: Students’ perceived TC negatively influences PEU of online classes during COVID-19.

Online Class Anxiety (OCA)

Online class anxiety is analogous to computer anxiety and is an external antecedent to PEU. According
to Hajiyev (2018), computer anxiety is characterized as the supplication of anxious or emotional
reactions when accomplishing any task on a computer. Earlier research evidenced that users may feel
nervous and anxious at preliminary stages of their interfaces with computers, and that such anxiety
negatively influences PEU (Rizun & Strzelecki, 2020). In this study, OCA refers to students’ nervousness
or intimidation when attending online classes. Thus, we propose the following hypothesis:

H13: Students’ OCA negatively influences PEU of online classes during COVID-19.

Method

Sample and Data

Our data comes from a convenience sample of undergraduate business students from year one to four
at the University of Dhaka in Bangladesh. The University of Dhaka is Bangladesh’s century-old premier
public university in which students from all social strata and all geographic locations are enrolled. An
online questionnaire was sent to 1700 students in May 2021 with a request to participate voluntarily
and anonymously. Students were assured of the use of their responses only in aggregate. They were also
given the option to withdraw from the survey at any point. The response rate was 50.17%. Over half of
the respondents (52.8%) were male and from metropolitan cities (55%). In relation to the education
level of the respondents’ parents, it was found that 24.4% of students had a parent who had completed
five years of primary education, 18% had a parent who had gone to study at the secondary level, and
18.9% had a parent who had studied at the higher-secondary level. However, the largest proportion
(38.7%) had a parent who had earned a diploma or above.

Measures

All measures used a five-point Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly
agree). Most of the measurement scales, shown in Table 1, were adapted from the existing literature,
with modifications to address intention to use online classes during the pandemic. We developed some
of the measures based on theoretical and empirical literature on the extended TAM and the theory of
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designed based on feedback from a pilot test on 20 students.

Table 1
Measurement Scales
Construct Measurement Item Source
Intention to attend I intend to attend all online classes. Adapted from Zia
online class (2020)
I encourage my friends to attend online classes. Developed by
researchers

Attitude towards online
class

Perceived usefulness

Perceived ease of use

Subjective norm

Expected performance

I am ready to attend an examination/test
online.

I plan a learning schedule for online classes.

The online classes are attractive to me.
I am happy with online classes.

I am willing to participate in online class
activities.

I have positive feelings towards online classes.
Attending online classes has been more
advantageous to me.

Attending online classes helps me complete my
courses.

Attending online classes is beneficial.

I can easily use online class platforms.

I know how to use online class platform
features.

Online classes allow flexibility.
People who influence my behavior think that I
should attend online classes.

People who are important to me think that I
should attend online classes.

People whom I respect support me to continue
online classes.

The quality of learning via online classes is the
same as physical classes.

Online classes increase my skills.

My academic performance will not be affected
by online classes.

Online classes offer more learning
opportunities.

Lee et al. (2019)

Adapted from Linan &
Chen (2009)

Adapted from Teo et al.
(2019)

Adapted from Lifian &
Chen (2009)

Developed by
researchers

Adapted from Teo et al.
(2019)

Developed by
researchers
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Technological I have problems with the technical aspects of Adapted from Teo et al.
complexity online classes. (2019)

I take a long time to become familiar with the
online classes tool.

Attending online classes is a complex activity.

Online class anxiety I feel nervous about online classes.

I hesitate to respond in online classes for fear of
making mistakes.

Attending online classes leads to stress and
anxiety for me.

Personal innovativeness I like to experiment with new technology. Saadé & AlSharhan

If I hear about new technology, I will look for (2015)

ways to explore it.

In general, I am hesitant to try out new

technology.
Among my peers, I am the first to try out new Yi et al. (2006)
technology.
Facilitating condition I have the gadgets (laptop, mobile, tablet) to Developed by
attend online classes. researchers

I have a good Internet connection.

I have a good Internet speed.

Results

Analytical Framework

Apart from descriptive statistical analysis, this study implemented structural equation modeling using
SmartPLS3. Mardia’s multivariate test of data normality indicated significant values of skewness (f =
6.33, p < 0.00) and kurtosis (f = 144.49, p < 0.00), and therefore, PLS-SEM was suited to this data
(Hair et al., 2017). Reliability and validity (convergent and discriminant) in the measurement model
were tested based on the results of the PLS algorithm by using multiple indicators. The values of Rz and
f2are used to judge the explanatory power and effect size of the model. Using the blindfolding technique
in PLS-SEM, the Stone-Geisser test was performed to ascertain the model’s predictive power.

Assessment of the Measurement Model

All measurement items strongly load on the constructs and fulfill the convergent validity (Table 2).
Cronbach’s alpha values range from 0.74 to 0.92, and henceforth, reliability of the construct is
established. Composite reliability (CR) is attained as all the values are above the threshold value of 0.7
(Hair et al., 2011). The estimated values of the average variance extracted are much greater than the
threshold value of 0.5 (Sarstedt et al., 2017). Thus, there is adequate evidence of the convergent validity
of the measurement model (Lin & Bautista, 2017; Venkatesh, 2000). Discriminant validity is confirmed
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using HT-MTo.q0, the heterotrait-monotrait ratio of correlations criterion suggested by Henseler et al.
(2015). See Table 3.

Table 2

Reliability and Validity Measures

Latent variable Item Loading a AVE CR

AOC AOC1 0.886 0.92 0.81 0.95
AOC2 0.89
AOC3 0.90
AOC4 0.93

10C 10C1 0.88 0.85 0.69 0.90
I0C2 0.87
10C3 0.79
10C4 0.78

OCA OCA1 0.89 0.83 0.75 0.90
OCA2 0.87
OCA3 0.84

EP EP1 0.75 0.86 0.70 0.90
EP2 0.87
EP3 0.85
EP4 0.88

PEU PEU1 0.84 0.82 0.74 0.90
PEU2 0.89
PEU3 0.85

PI PI1 0.95 0.89 0.90 0.95
PI2 0.95

PU PU1 0.85 0.82 0.74 0.90
PU2 0.86
PU3 0.88

SN SN1 0.88 0.89 0.82 0.93
SN2 0.94
SN3 0.90

FC FC1 0.83 0.74 0.66 0.85
FC2 0.79
FC3 0.82

TC TC1 0.86 0.86 0.78 0.91

43



Technology Enabling the New Normal: How Students Respond to Classes
Ullah, Khandakar, Aziz, and Kee

TC2 0.89
TC3 0.89

Note: CR = composite reliability; AOC = attitude towards online classes; IOC = intention to attend online classes;
OCA = online class anxiety; EP = expected performance; PEU = perceived ease of use; PI = personal innovativeness;

PU = perceived usefulness; SN = subjective norm; FC = facilitating condition; TC = technological complexity.

Table 3

Discriminant Validity (Heterotrait-Monotrait)

AOC I0OC  OCA PEU PU EP PI SN TC FC

AOC

10C 0.89

OCA 0.41 0.43

PEU 0.57 0.67 0.53

PU 0.84 0.82 0.38 0.62

EP 0.77 0.74 0.33 0.50 0.73

PI 0.31 0.39 0.28 0.49 0.30 0.27

SN 0.64 0.72  0.26 0.53 0.67 0.57 0.37

TC 0.44 0.48 0.67 0.59 0.43 0.35 0.20 0.31

FC 0.47 0.62 0.46 083 048 043 045 0.57 0.51

Note. AOC = attitude towards online classes; IOC = intention to attend online classes; OCA = online class anxiety;
PEU = perceived ease of use; PU = perceived usefulness; EP = expected performance; PI = personal innovativeness;

SN = subjective norm; TC = technological complexity; FC = facilitating condition.

Assessment of the Structural Model

There is no evidence of multicollinearity as the variance inflation factor (VIF) scores as shown in Table
4 are much lower than the threshold value 3.3 (Hair et al., 2011). Stone-Geisser’s test indicates all the
endogenous latent variables have high predictive power as all the Q2 values (Table 5) exceed the
threshold limit of 0.35 (Chin, 2010). The model also has high explanatory power as it yielded high R2
values.

Table 4 and Figure 2 indicate that 12 hypotheses were supported. IOC is positively determined by AOC
(B =0.573; p < 0.00), PU (f = 0.192; p < 0.00), and FC ( = 0.199; p < 0.00). Thus, H1, H2, and H6 are
supported. Both PU (B = 0.647; p < 0.00) and PEU (B = 0.168; p < 0.00) are significant predictors of
AOC that in turn support H3 and H4. Three variables, namely PEU (f = 0.221; p < 0.00), SN (§ = 0.297;
p < 0.00), and EP (B = 0.386; p < 0.00) have positive and significant relationships with PU. Thus, Hs,
H8, and Hog are supported. The relationship between PI and PU is insignificant as p = 0.129 and hence,
H1o is not supported. Finally, PEU is negatively affected by TC (§ = -0.214; p < 0.00) and OCA (ff = -
0.102; p < 0.00) while it is positively affected by PI (f = 0.189; p < 0.00) and FC ( = 0.462; p < 0.00).
As all four predictors of PEU show significant results with expected signs, H11, H12, H13, and H7 are
also supported. We also observed that f 2 values of the significant paths ranged from 0.014 to 0.701.
Following the benchmark suggested by Cohen (1988), we found a significant effect size of two paths, a
medium effect size of two paths, and a small effect size of eight paths.
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Hypothesis Path Path p-value f2 CI (%) VIF
coefficient UL LL
Hi AOC—»10C 0.573 0.00 0.467 0.52 0.62 2.24
H2 PU—»10C 0.192 0.00 0.053 0.14 0.24 2.21
H3 PU—» AOC 0.647 0.00 0.701 0.61 0.68 1.35
Hg PEU—»AOC 0.168 0.00 0.047 0.12 0.21 1.35
Hs PEU—»PU 0.221 0.00 0.067 0.17 0.27 1.50
H6 FC—»10C 0.199 0.00 0.104 0.16 0.24 1.21
H7 FC—»PEU 0.462 0.00 0.335 0.41 0.51 1.36
HS SN —»PU 0.297 0.00 0.12 0.24 0.35 1.52
Ho EP—» PU 0.386 0.00 0.216 0.33 0.44 1.43
Hio PI» PU -0.033 0.12 0.002 -0.08 0.02 1.25
Hi11 PI—»PEU 0.189 0.00 0.065 0.14 0.23 1.69
Hi2 TC -»PEU -0.214 0.00 0.062 0.27 0.15 1.58
Hijs OCA -»PEU -0.102 0.00 0.014 -0.15 -0.04 1.54

Note. CI= confidence interval; VIF = variance inflation factor; H = hypothesis; AOC = attitude towards online

classes; IOC = intention to attend online classes; PU = perceived usefulness; PEU = perceived ease of use; FC =

facilitating condition; SN = subjective norm; EP = expected performance; PI = personal innovativeness; TC =

technological complexity; OCA = online class anxiety.
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Figure 2

Research Model with Coefficients

Note. SN = subjective norm; EP = expected performance; PI = personal innovativeness; TC = technological
complexity; OCA = online class anxiety; FC = facilitating conditio; PU = perceived usefulness; PEU = perceived

ease of use; AOC = attitude towards online classes; IOC = intention to attend online classes. *p < 0.001.

Results in Table 5 show that AOC is the most significant variable influencing intention, with a total
effect of 0.57, followed by PU (0.56) and FC (0.30). PU exerts the highest direct effect on attitude.
Although EP and SN positively predict PU, EP has a higher total impact (f = 0.39) than SN ( = 0.30).
Results also demonstrate that among all the paths to PEU, the largest direct effect comes from FC (f =

46).
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Table 5

Direct, Indirect, and Total Effects of the Research Model

Standardized estimate

Outcome Determinant Direct  Indirect  Total Re Q
effects effects effects

Intention to AOC 0.57 0.57 0.69 0.47
ii[:lz;lélsonline PU 0.19 0.37 0.56

FC 0.20 0.10 0.30

EP 0.22 0.22

SN 0.17 0.17

OCA -0.02 -0.02

PEU 0.22 0.22

TC -0.05 -0.05

PI 0.02 0.02
Attitude towards PU 0.65 0.65 0.56 0.45
online classes PEU 0.17 0.14 0.31

FC 0.14 0.14

OCA -0.03 -0.03

EP 0.25 0.25

PI 0.04 0.04

SN 0.19 0.19

TC -0.07 -0.07
Perceived ease of  FC 0.46 0.46 0.53 0.39
Use OCA -0.10 -0.10

TC -0.21 -0.21

PI 0.19 0.19
Perceived PEU 0.22 0.22 0.52 0.38
usefulness SN 0.30 0.30

EP 0.39 0.39

OCA -0.02 -0.02

TC -0.05 -0.05

FC 0.10 0.10

PI -0.03 0.04 0.01

Note. AOC = attitude towards online classes; PU = perceived usefulness; FC = facilitating condition; EP = expected

performance; SN = subjective norm; OCA = online class anxiety; PEU = perceived ease of use; TC = technological

complexity; PI = personal innovativeness.
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Discussion

To explore antecedents of students’ intention to use online classes during the period of COVID-19, we
set 13 hypotheses, of which 12 were found statistically significant. These results support the TPB
(Fishbein & Ajzen, 1975, 1980), TAM2, and TAM3 (Venkatesh, 2000; Venkatesh et al., 2003; Venkatesh
& Bala, 2008). We found that AOC, PU, and FC positively affect the online class intention of
undergraduate students in business school. Among these variables, AOC exerts the most dominant
influence on intention. This result is consistent with the studies of SAnchez and Hueros (2010) and Teo
et al. (2019). Similar to the perceived behavioral control in the TPB, this study confirms the significant
direct impact of FC on IOC. Prior studies did not examine the role of FC in determining students’
intention to attend online classes. The effect of FC on IOC is evident given that the students participating
in this study were located in diverse locations including villages, towns, and metropolitan areas where
the availability of devices and quality of internet service vary to a great extent and students need to
attend online classes using free versions of Zoom and Google Meet since the institution lacks an online
learning management system.

In line with the assertion of the TAM and prior empirical evidence i.e., Schepers and Wetzels (2007),
Teo et al., (2019), Venkatesh (2000), and Venkatesh and Bala (2008), this study finds that there is
significant impact of PU and PEU on AOC. The results underscore that students are more likely to
support online classes and examinations if they feel that online classes are helpful and accessible.
However, the relative impact of PU is much higher than PEU, which signifies that PU has a more
substantial determining effect on attitude than PEU. This result can partly be attributed to the fact that
university students are familiar with online platforms and feel a degree of ease in using those
technologies.

The extended TAM of this study finds that EP positively contributes to students’ PU of an online class.
The result implies that many students might have a negative attitude to online classes, with an
apprehension that they might not perform satisfactorily, that negatively impacts their academic
performance, employment opportunities, and career advancement. Similar to prior studies on the
extended TAM by Jan and Contreras (2016) and Venkatesh and Bala (2008), this study supports the
relationship between EP and PU in online class intention of tertiary level students. Besides, in line with
the earlier evidence of the TAM by Venkatesh and Davis (2000), Schepers and Wetzels (2007),
Venkatesh and Bala (2008), and Teo et al. (2019), this study confirms that the people who surround the
students positively influence PU.

The PEU of an online class is predicted by four variables that PT and FC determine positively while OCA
and TC affect negatively. No prior evidence on the relationship between PI and online class intention
exists. However, Saadé & AlSharhan (2015) have found no impact of PI on students’ motivation when
using an online learning tool, while other studies (Bauer et al., 2005; Shankar & Datta, 2018) have
identified PI as an important factor in technology adoption intention of customers in different cultures.

Our results indicate the positive influence of FC on PEU, and this finding is both theoretically and
empirically supported by Venkatesh (2000), Venkatesh et al. (2003), and Venkatesh and Bala (2008).
Besides, results demonstrate that among all the paths to PEU, the largest direct effect comes from FC.
This result underscores the heightened importance of FC in the perception of ease. Thus, to promote
students’ PEU, the focus needs to be given to improving facilitating conditions. Moving away from the
physical classroom to a virtual class is a new experience for many students. Since the new class format
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is a technology-enabled learning system, TC is negatively related to PEU. Teo et al. (2019) also found a
negative association between TC and PEU. OCA is identified as another significant determinant of PEU,
and the relationship between them is negative. Although the relationship between PEU and OCA was
first examined in relation to online classes during COVID-19, our result echoed the findings of Chuo et
al. (2011) and Teo et al. (2019).

Theoretical and Practical Contributions

Our research offers contributions to knowledge about online class intention. We extended the prevailing
literature by adding new antecedents to the TAM (Venkatesh, 2000; Venkatesh et al., 2003; Venkatesh
& Bala, 2008) and the TPB (Fishbein & Ajzen, 1975, 1980). We have extended the existing TAM in three
significant ways. First, we found new variables, including OCA and PI, to be determinants of PEU of
online classes while EP determines PU. Second, we developed a valid and reliable measurement of EP
in online classes, which also significantly predicts PEU. Third, we have extended the measurement
scales of AOC, PU, and PEU to the COVID-19 context. Altogether, our analysis has increased the
predictive power and explains 69% of students’ intention to accept online classes during COVID-19. As
a result, this study has broadened the understanding found in the growing body of literature relating to
students’ intention to use online classes. In relation to the TPB, this study adds facilitating conditions
as a new variable that directly impacts attitude towards online classes. FC acts as an external antecedent
of PEU.

From the practical side, this study carries valuable insights for academic institutions and policymakers
since there remains an ample gap in the contextual understanding of students’ intentions. The
underlying antecedents vary due to wide gaps in their socioeconomic contexts and institutional
practices. Among the variables that determine attitude, PU is the most dominant. It implies that
students will be more interested in attending online classes if PU is adequately conveyed. This is
critically important in the context of Bangladesh and in many other developing countries where
students show disinterest in online classes and even put pressure on authorities to open dormitories,
defying the requirement of social distancing. The external antecedents also have significant indirect
effects on the outcome variable. TC and OCA exert a negative impact on PEU. Thus, students who
perceive online classes as complex and suffer from anxiety might have strong negative IOC. This result
carries insights for future research on attitude and behavioral intention in a new normal world.

High PEU and PU will reduce resistance from students to online classes and tests. These findings
underscore that educational institutions need to interact with students’ communities to identify the
problems of attending online classes, such as unavailability of devices, weak network speed, electricity
failures, and family hardship, so that relevant agencies can design programs for underprivileged
students who otherwise might be excluded as a result of the sudden adoption of online classes. Hence,
policymakers need to consider the long-lasting effect of regional disparity in terms of access to online
education.

Besides, students’ AOC will be favorable if their performance expectations are met. If students perceive
that their performance will degrade as a result of online classes, their attitude will be negatively affected.
TC has the strongest negative effect on PEU, which implies that to increase students’ motivation to use
an online class, TC needs to be minimized. Academic institutions can organize training programs for
students, develop video tutorials that students can access at their convenience, and design an online
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LMS. Otherwise, organizing online assessments might go in vain, eventually paralyzing online classes
in the new normal.

Limitations and Future Directions

Our study is not without limitations. This study has analyzed behavioral intention rather than actual
behavior. Analyzing actual behavior by taking into account students’ participation and performance
indicators might show a different result from the antecedents of behavioral intention. Future studies
can explore this relationship by looking at actual performance data. We have collected data from
students attending business school. However, the views of students in other schools and results derived
from another unit of analysis in a similar context might be different. Future studies can accommodate
students’ diversity in terms of their fields of study and levels of study, for example, undergraduate and
graduate programs. Fresh insights can also be derived by exploring the intention of students to sit for
online assessments that can help academic institutions and policymakers address students’ concerns.
This will guide the investment decision of the government in allocating funds for developing essential
educational infrastructure in a new normal.
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Abstract

Higher education recently found itself in the unprecedented situation of being forced to rapidly switch
to online education as a demand of the COVID-19 pandemic. The aim of this article is to compare and
contrast the experiences of university tutors who teach in two distance education universities with those
who teach in a traditional university concerning their online lessons during lockdown. Forty university
tutors participated in a survey to capture their teaching experiences. The survey was based on the
transactional distance theory. Both qualitative and quantitative data were collected from both groups.
Analysis of the quantitative data indicates no significant differences between the two groups in scores
regarding course structure flexibility and the degree of student autonomy; however, significant
difference with a high effect size was found regarding instructional dialogue, in favor of the distance
tutors’ group. Thematically analyzing the qualitative data allowed the researchers to group the data into
three main themes focused on how the instructional dialogue was manifested in the classes of both
groups: (a) the learning design approach adopted, (b) the tutor-led interaction for student support, and
(b) learner-to-learner communication and the sense of an online community. Ensuing
recommendations involve adopting social-constructivist approaches that can sustain high-quality
instructional dialogue in online learning settings and creating distance education faculty development
programs in traditional universities that will help tutors support dialogical forms of online pedagogy.

Keywords: distance education, higher education, emergency remote teaching, transactional distance
theory, university tutors’ perceptions
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A Case Study on How Distance Education May Inform Post-
Pandemic University Teaching

To cope with the forced isolation globally experienced during the spring semester of the 2020 academic
year due to the COVID-19 pandemic, higher education (HE) moved online. Online courses in most cases
adopted a blended learning mode aiming to balance between synchronous and asynchronous learning
experiences (Bruff, 2020; Miller, 2020) depending on the university policy, available resources, and
faculty’s digital literacy (Beaunoyer et al., 2020). This situation affected both distance education (DE)
and traditional universities in various ways, although the former were already oriented to distance
learning. The term emergency remote teaching (ERT) (Hodges et al., 2020) was adopted to underline
universities’ immediate actions with respect to modifying the teaching aspect, as well as the difference
between courses already offered online in a distance learning institutional context and online courses
offered as an emergency response to keep the educational process moving at a high-quality level and
support the cohesion of the academic community (Bawa, 2020; Hodges et al., 2020; Roberts, 2020).
Currently, effort is devoted to analyzing online courses offered due to the COVID-19 pandemic, focusing
on the lessons learned from this experience, in order to reconceptualize academic teaching in a way more
beneficial for the students and society as a whole (Bawa, 2020; Ferdig et al., 2020).

Those implementing ERT tried to integrate online learning approaches; however, the particular
circumstances under which this happened did not allow for the affordances of online learning design to
be fully exploited (Means et al., 2014). It is crucial to investigate the key differences between ERT and
DE (Bawa, 2020). Many researchers in digital teaching and learning have highlighted that during the
pandemic, to a large extent, the concept of DE and its underlying principles were misperceived
(Taskiran, 2022). Bozkurt and Sharma (2020) provide some examples of why it is important to know
the differences between these two terms. For instance, they argue that “designing learning systems
under the wrong assumptions and framing them around wrong definitions will make us more vulnerable
to errors along the way” (Bozkurt & Sharma, 2020, p. ii). Also, naming bad implementations of ERT as
examples of DE will have a negative and unfair impact to educators’ views toward DE, and in that sense,
it would undermine the efforts of promoting DE in the educational community that have been taking
place for many decades.

The process of moving online was quite stressful for many tutors (Hodges et al., 2020). Wise (2019)
found that prior online or face-to-face (f2f) experience does not correlate to tutors’ sense of efficacy in
enacting meaningful student engagement and learning mastery in the online classroom. Challenges that
university faculty had to face include creating content for online classes, learning new tools for
developing or delivering content, understanding online pedagogy and media affordances, and
attempting various pedagogical strategies to address both synchronous and asynchronous teaching and
learning (Hartshorne et al., 2020; Hodges et al., 2020), as well as addressing the communication gap
with their students (Karakaya, 2021). In relation to the aspect of faculty professional development,
Luongo (2019) suggests programs that provide enhanced opportunities that (a) focus on models for
online pedagogy, (b) can assist faculty in practicing DE by identifying and meeting their needs, and (c)
cater to course management suitable for DE.

Aiming to contribute to the ongoing dialogue on ERT in the COVID-19 period, we used conceptual tools
of distance learning such as Moore’s (1993) transactional distance (TD) theory to analyze how this
emergency situation was perceived by active university tutors of two DE universities and one traditional
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university and, additionally, to articulate on the affordances of the DE learning design for promoting
more active and student-centered approaches in academic teaching. In particular, the current study
focuses on the following research question: Were there any differences between two groups of active
university tutors in their perceptions regarding the parameters of TD theory in their online lessons
during the COVID-19 emergency situation? If yes, what were these differences, and how were they
manifested in their online lessons?

The two groups are university tutors who were working at two European DE universities and university
tutors who were working at a European traditional university that had to switch to fully online
teaching/learning due to the COVID-19 crisis.

Theoretical Framework

Although it was originally proposed many years ago (Moore, 1993), the TD theory is still considered one
of the most influential theories of DE (Paul et al., 2015; Weidlich & Bastiaens, 2018). It reconceptualized
the construct of distance in DE by viewing it in learning design terms rather than just in terms of physical
separation between the students and the tutor (Paul et al., 2015). Moore views TD as a separation
between these two that brings about “a psychological and communications space to be crossed, a space
of potential misunderstanding between the inputs of the tutor and those of the learner. It is this
psychological and communications space that is the transactional distance” (1993, p. 22). Thus, TD has
a negative effect on the teaching—learning process.

In any educational program, TD is bound by three variables (Moore, 1993): course structure, student
autonomy, and instructional dialogue. Structure expresses the rigidity or the flexibility of educational
objectives, teaching strategies, and evaluation methods and the extent to which an education program
can accommodate or be responsive to students’ individual needs. Structure was operationalized as
learner—content interaction and learner—interface interaction (Benson & Samarawickrema, 20009;
Huang et al.,, 2015, 2016). Processes that can be structured are, among others, presentation of
information (e.g., information, recorded media) and stimulation of analysis and criticism, as higher-
order thinking skills that university students are expected to develop (e.g., by organizing discussions in
a Web conference session in conjunction with a recorded video presentation) (Moore, 1993).

Autonomy denotes the degree of autonomy exercised by the student in the teaching—learning process.
It was operationalized as independence of learning and study habits (Huang et al., 2015, 2016; Macaskill
& Taylor, 2010). The former can be further operationalized as responsibility of learning, openness to
experience, intrinsic motivation, and self-confidence in new activities. The latter can be further broken
down into learning and study practices, reflecting on time management, attitudes to working alone, and
procrastination.

Dialogue is developed by students and tutors during their interaction. It can be characterized by its
extent (e.g., a frequent basis and through multiple means) and by its quality. The latter is the defining
characteristic between dialogue and interaction, since dialogue helps achieving a purposeful,
constructive, and valued interaction (Moore, 1993; Huang et al. 2015; 2016). Dialogue has been
operationalized as learner—instructor interaction and learner—learner interaction (Benson &
Samarawickrema, 2009; Huang et al., 2015, 2016). Shearer (2009) has suggested a theoretical
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framework for the dialogue in these two types of interaction that discerns two forms, namely, dialogue
toward understanding and dialogue toward conversation. The latter pinpoints to the importance of using
educational technologies in DE to support social presence that caters to student motivation and a sense
of being there for the learner, whereas the former conveys the idea that the dialogue should support
students to achieve the learning objectives and that this is possible via well-orchestrated discussions.

In addition to its three central constructs, some researchers suggest that the teaching context should
also be considered as a central, constituent component of the TD theory (see, e.g., Benson &
Samarawickrema, 2009). Moore (1993) also suggests that dialogue can be dependent on a number of
environmental factors, such as the number of students per class, the subject matter, and the academic
level. Benson and Samarawickrema (2009) used six cases with different relative levels of structure,
autonomy, and dialogue as examples illustrating that the context in which the learning is taking place
can affect the patterns of the relationships between the three central constructs of the TD theory and TD
itself in the selected learning contexts. This is in contrast with previous ideas suggesting that fixed
relationships exist between these three variables.

In terms of pedagogical approaches, Zhang’s (2003) empirical research suggests that constructivist and
social learning theories, as well as the creation of learning communities, might have a positive effect
toward TD, as perceived by students. Consequently, orchestrating a sense of community is the first step
a tutor needs to take in an online environment (Naidu, 2018). Literature on TD theory points out the
importance of dialogue as a driver of a constructivist DE environment and also a need for guidance on
promising strategies for increasing dialogue (Farquhar, 2013). Established by the Institute of
Technology at the University of Ontario in Canada, the Fully Online Learning Community (FOLC) is a
social-constructivist model for online learning that reduces TD. The FOLC model (Blayone et al., 2017),
based on the Community of Inquiry model (Garrison, 2009), emphasizes collaborative learning as “a
symbiosis of social and cognitive interactions amplified through effective use of synchronous and
asynchronous digital affordances” (Blayone et al., 2017, p. 1), incorporating authentic assessment and
recognizing students’ contexts and competencies. Finally, Papanikolaou et al. (2017) discuss a blended
learning approach enacting social orchestration patterns in order to cultivate the sense of community in
a teacher training context.

Relevant Works

To understand better how TD among DE university students affects the DE learning process,
Kassandrinou et al. (2014) explore students’ perceptions. They conducted a small case study
interviewing 12 undergraduate students at the Hellenic Open University and analyzed the results via
content analysis. Their main finding is that students perceived TD in terms not only of physical
separation, but also of restricted communication and interaction. They also found that the lack of
communication among peers has a negative effect, whereas building learning communities among peers
can reduce the dropout rate.

Bawa (2020) uses a quantitative approach and an experimental design to understand the effect of ERT
on students’ grades. In doing so, she defines ERT as “the shift from f2f courses to alternate or online
delivery modes, to provide instruction during a crisis situation” (Bawa, 2020, p. 1). The experimental
group comprised students who had experienced ERT when their fof courses moved online during
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COVID-19 lockdowns, whereas the control group comprised students who did not experience ERT. Both
groups are coming from a US-based university that was not a DE institution before the COVID-19 crisis.
Bawa (2020) also collected student perceptions of the ERT using excerpts from course discussion
forums and personal communications between faculty and students. The quantitative analysis indicates
that student grade performance was not negatively affected when students faced ERT and that the
experimental groups who transitioned to ERT performed better than the control group. Yet the students’
perceptions of ERT were more negative than positive. The qualitative analysis also revealed that
communication is a key factor in making student experience of ERT positive or negative, and it expresses
concerns around collaborative and group work.

By conducting interviews, West (2019) explored the experiences of faculty members who were teaching
in DE to a diverse student population regarding teaching methods and student—teacher interaction in
an ethnographic case study. Regarding the former, the participants reported their experiences on
differentiated instruction (e.g., different formats of learning materials to meet the different learning
styles), interactive instruction (e.g., using interactive Web 2.0 tools), and collaborative learning activities
(e.g., group discussions and case scenarios to enhance student participation). In addition, they
mentioned methods that build on students’ motivation, support tutor—student communication, or
support knowledge retention. Regarding the latter, they focused on the social and teaching presence of
the tutor (e.g., interaction through assignments, discussion boards, e-mails, phone calls, and conference
calls).

In their study, Kara and Yildirim (2020) aimed to determine best practice faculty behaviors in DE,
according to perspectives of different DE stakeholders in Turkey (experts, faculty members,
administrators, and students) using the TD theory framework. They collected data from various sources
and analyzed them via the constant comparison method. The codes that emerged created themes based
on the TD theory. Optimal behaviors critical to dialogue involved student—faculty interaction
(establishing human touch, responding timely, providing feedback, providing alternative ways for
interaction), student—student interaction (supporting students in discussions, encouraging
collaboration), student—content interaction (guiding for learning), and student—interface interaction
(providing easy navigation for materials, guiding for instructional tools on the learning management
system, facilitating access to materials). Regarding pedagogical practices, they involved appropriate
methods (demonstrating effective presentation skills, establishing social interaction with students,
paying individual attention to each student, using alternative evaluation methods based on objectives).

Finally, a case of Peking University’s online education (Bao, 2020) presents several instructional
strategies from current online teaching experiences that were adopted during the COVID-19 emergency
situation: (a) high relevance between online learning design and student learning, (b) effective delivery
of online learning materials and information, (c) adequate support provided by faculty and teaching
assistants to students, (d) high-quality participation to improve the breadth and depth of student’s
learning, and (e) having a contingency plan to deal with unexpected incidents of online education
platforms. The case study does not include a methodology section, thus making the validity of these
principles questionable.
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Method: Participants, Instrument, Procedure, and Design

Participants in this research were 40 active university tutors, divided into two equal groups (of 20
persons each). The first group comprised tutors working in the DE sector via a formal institutional
structure (i.e., working in a DE university), and the second group comprised tutors working at a
traditional university who had to move online due to the lockdowns and their university’s closure during
COVID-19. Typically, each participant was teaching one course or supporting equivalent
teaching/learning activities (e.g., supervising of undergraduate students doing their master’s thesis and
PhD students). Participants were self-selected, since participation in the survey was voluntary. We used
maximum variation sampling (Suri, 2011), which is a purposive sampling technique used to capture a
wide range of perspectives relating to the research question, with key criteria being the teaching context
and the class size. The participants taught in diverse subject matters, ranging from engineering to
humanities. In terms of class size, the distance tutors worked with relatively small class sizes (i.e., < 30
students per class), which is typical for DE universities. The second group of participants were more
diverse with respect to the teaching context, ranging from a small research team (e.g., in one case
involving research supervision of master and PhD students) to a large class of more than 300 students,
where a faculty member is typically supported by several teaching assistants. All participants lived and
worked in Europe. This kind of variation is referred to as phenomenal variation, according to which
researchers working with limited resources can reduce the minimum number of sampling units required
in a single research project, but still produce credible and significant findings (Sandelowski, 1995).

The survey was online and anonymous, and it contained three main sections. The first involved basic
information about the teaching context, that is, subject matter, class size, and academic levels, in
accordance with Moore’s (1993) suggestion on what to focus on with respect to the context and
environmental variables. The second section involved the three main constituent variables of the TD
theory: structure, autonomy, and dialogue. The TD theory was selected by the authors as being one of
the most robust and influential theories of DE. The participants were asked to assign scores to their
course in each of these three variables using a five-point Likert scale. The survey also provided
participants short definitions of the variables in line with Moore’s (1993) work. This survey section
consisted of answering the “what” dimension of the research question. The third part of the survey
involved a small number of open-ended questions. Participants were asked to comment on the
previously assigned scores and to briefly describe (a) their role as a tutor during the lockdown, (b) any
educational technology tools used, and (c) whether they had to change/adjust their teaching practices
during the lockdown and if yes, how.

Triangulation of methods (or mixed methods) was deemed an appropriate approach to study the
phenomenon at stake and answer to the research question. Triangulation, which herein is defined as
“the use of multiple methods mainly qualitative and quantitative methods in studying the same
phenomenon for the purpose of increasing study credibility” (Hussein, 2009, p. 1), has been advocated
by several social sciences researchers (see, e.g., Altrichter et al., 2018; Heale & Forbes, 2013; Hussein,
20009). It has been suggested that when combined, there is a great possibility of neutralizing the flaws of
one method and strengthening the benefits of the other for better research results (Heale & Forbes,
2013; Hussein, 2009). Also, combining qualitative and quantitative methods may provide
complementary results highlighting different aspects of the phenomenon (Heale & Forbes, 2013).
Consequently, two different methods of data collection and analysis were applied and combined: to
answer the first part of the question (the “what” aspect of the studied phenomenon), the participants
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reflected on and characterized their lessons with respect to the three parameters of the theory of TD
using the Likert scale (quantitative data); to get a more detailed picture that would enable us to answer
the second part of the question (the “how” aspect), participants completed the open-ended questions
prompting them to describe their lessons and teaching experience (qualitative data).

The quantitative data were analyzed using appropriate statistical methods: descriptive statistics and a
nonparametric statistical test to measure any difference between the two groups. The Mann—Whitney U
test was employed as opposed to the independent samples t-test because it is similar to the t-test and
can be used when data do not meet the parametric assumptions of the t-test—for example, when the
data are not normally distributed. The qualitative data were analyzed using thematic analysis, as
described by Braun and Clarke (2012)—that is, by following a six-step process: (a) familiarize oneself
with the data, (b) generate initial codes, (c) search for themes, (d) review potential themes, (e) define
and name themes, and (f) report results. Two analysts (i.e., the authors) worked in parallel with the
tutors’ answers to the open-ended questions; they had three online consensus meetings to discuss their
understandings with respect to the six-step process and to resolve any differences with respect to the
findings of the thematic analysis.

Results

Table 1 shows basic quantitative results (i.e., descriptive statistics) on the scores of the parameters of the
TD theory between university tutors who were working in DE and those working in the traditional
university.

Table 1

Descriptive Statistics

Parameters Distance university Traditional university
Median M SD Median M SD
Structure 4.000 3.700 1.174 3.500 3.400 1.429
Dialogue 5.000 4.500 0.761 4.000 3.800 0.951
Autonomy 4.000 4.050 0.999 5.000 4.600 0.995

Mann—Whitney U tests were run to determine if there were significant differences in the scores assigned
in the variables structure, autonomy, and dialogue between university tutors in the two groups.
Distributions of the scores for the two types of university tutors were similar, as assessed by visual
inspection (but they did not follow the normal distribution; thus, the t-test was not appropriate). The
structure and autonomy scores were not statistically significantly different for the two types of university
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tutors. The dialogue score was statistically significantly higher in tutors who worked in DE universities
than those working in the traditional university (U = 115, z = -2.459, p = .05). The effect size of this result
was calculated using Cohen’s d. It was found equal to .78, indicating a medium to strong effect size.

Driven by the quantitative results that point to nonsignificant differences with respect to the structure
and autonomy scores and to a significant difference with a large effect in the dialogue score, the
qualitative analysis was oriented to the “how” aspect of the dialogue phenomenon—that is, how dialogue
was manifested in praxis in the online classes of the two groups (including interaction, communication,
social learning, etc.). The analysis concluded in three main themes that are presented in detail below:
the learning design approach adopted, the tutor role concerning their interaction with students with
respect to support offered, and the student perspective—mainly, student-to-student interaction.

“To Lecture or Not to Lecture?”: Lecture-Type Approach with Tutor-Led Dialogue
Versus Participatory Approaches (Theme 1: Learning Design Approach Adopted)

The first theme maps the focus of the learning design approach adopted in both groups as this mainly
affects the flow of interaction and dialogue in the group. Traditional university tutors primarily adopted
a lecture-type approach enhanced with tutor-led dialogue, while more participatory approaches were
adopted by the DE tutors. For traditional university tutors, a common pattern of dialogue between tutor
and students pertains to tutors answering students’ questions related to video lecture recordings that
students were supposed to watch before the live online session. Tutors’ reflections often underlined the
focus of the learning design as providing either fof or recorded lectures and delivering them to students
to watch them at their own pace:

Lectures ... were given during the semester.

We decided to record the teaching content for each session and then upload it couple of
days before the session starts.

I found it crucial that I can meet and work with the students on the tasks given after the
video lecture.

The tutors mentioned they then answered students’ questions either synchronously or asynchronously:

During online teaching session time students can ask their questions about the recorded
presentation.

[Using] the university learning management system discussion board. By e-mail, if any
problem [occurs] in understanding the concepts of the lectures.

However, the traditional university tutors expressed their disappointment in the level of dialogue and
interaction in this learning design, mainly during synchronous meetings:

Live-digital lecture [using the Web conference system] this semester had resulted in
200 black screens, where nobody dares to speak.

I did feel quite lonely in the teaching process, and it was odd to sit in “classrooms” where
I couldn’t see others, and where they wouldn’t speak to me.
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Sometimes it felt weird to talk in front of a computer screen without being able to feel
the reactions and body language of the students.

I think the live (synchronous) lectures on the Web conference system leave students
quite isolated (unless it’s a small class). They tend to speak less than in physical class,
hence they appear to be more lonely.

In the case of DE tutors, tutors explicitly mentioned the focus on creating a participatory and social
learning environment (“participatory teaching of student-centered philosophy”), indicating that this was
an intentional learning design effort: “I was interested in formulating an appropriate learning
environment, where everyone feels safe to express themselves and actively participate.”

Thus, tutors in DE universities aimed to increase opportunities for interaction: “I doubled the number
of online meetings and I tried to activate the online forum towards a more participatory process.” They
also aimed to promote engagement, caring for fostering dialogue and participation either during
synchronous online meetings or between them:

I tried to avoid lecture—presentation so that the lesson would become more
participatory.

Combination of lecture, discussion, and brainstorming using tools of the online
platform.

Discussion is the basis of communication during online meetings and between them.

Tutor-Led Interaction for Student Support (Theme 2: Dialogue Toward
Understanding)

The DE group tutors intensively supported students, also providing personalized feedback in many
cases. In particular, support and personalized feedback was regularly offered to students:

[T have] weekly plenary meetings, plus frequent individual meetings with students.

The course structure is more flexible regarding the support offered to students which
can be also personalized.

The focus was on pacing advice, study support, and feedback on assignments:
Students’ guidance on their assignments, feedback, study guidance and counselling.

[T have] frequent communication with students on the assignments’ topics and course
content.

The three assignments that students submit were initially on the same topic which they
transformed in successive versions due to my feedback on each particular version.

Even the telephone and their personal phone number were used as a means of communication: A
participant mentioned they used “telephone-based communication once a week.”
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On the other hand, support provided by traditional university tutors was mainly taking place during
synchronous sessions, where students could pose questions or work together on specific tasks:

I found it crucial that I can meet and work with the students on the tasks given after the
video lecture.

I felt I was closer to the students because of the possibility of anonymous interaction in
the live Web conference system.

[1] spend most of the time in the class on problem solving.

Much effort was put by the traditional university tutors in preparing content and recording lectures, that
is, in communication-free tasks:

What I did and also in the meeting with my colleagues, we decided to record the
teaching content for each session and then upload it.

I was able to capture 85%—90% of the content before lockdown.
I decided to record the lectures and upload the videos.
We made tests with more than 2,000 pictures and 200 videos.

In a few cases, asynchronous support offered by the traditional university tutors aimed at increasing
engagement and interest:

As a teaser we also used Facebook and Instagram to promote interest.

[1] tried to be more flexible in my communication with them, through personalized e-
mails and questions about their well-being.

What About Learner-to-Learner Communication? Emphasis on Community and
Collaborative Learning Versus Tutor-Led Communication (Theme 3: Dialogue
Toward Understanding and Conversation)

DE tutors adopted a student-centered learning design approach that emphasized learner-to-learner
communication. One way they did this was by promoting a sense of community:

I believe that the development of a network among the students works very well.

This process helped me to organize better the communication and the peer support
processes in my group by adopting a learning community form.

We had the chance to discuss our assignments, to listen what other students were
working on. (student excerpt from participant tutor)

Another way was through collaborative learning approaches:

Moreover, I think it is important to propose them studying strategies (mainly

collaborative).
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I insisted particularly in creating groups (freely organized) out of the formal university
context.

The students’ deliverables were the two group assignments.

A DE tutor noted that training is necessary to effectively apply collaborative learning in online learning
settings, however:

Migrating an faf collaborative learning approach into an online environment was a
difficult task. There is a training need for effectively moving collaborative approaches
online.

In the case of the traditional university tutors, learner-to-learner communication does not appear as a
goal in itself. However, there are cases in which learner—learner collaboration is a demand of a course’s
main project:

Students work in groups to develop a software product through a software engineering
process.

For the last five days the teaching context changed drastically as the groups became
remote collaborators and we had to meet in the digital classroom.

In the last quote, the teaching context refers to a flagship course titled “Experts in teams”, a course that
aims to help students developing their interdisciplinary teamwork skills.

Learner—learner collaboration also came up as a learning design decision:

In the research methods course I arranged a total of five asynchronous learning
activities: [for example,] ... comment on classmates’ reflective texts.

Learning activities in plenum, exercises in the groups and work on the group projects.

Group work took place in break-out rooms on [one of the Web conference systems
offered by the university].

Discussion and Conclusions

The aim of the study was to contribute to the ongoing discussion about better understanding of what
happened to teaching and learning in HE as a result of universities’ sudden shift to online education
during the COVID-19 pandemic and the ensuing ERT. To that end, this case study conducted a
comparison between 20 tutors working in two DE universities and 20 tutors working in a traditional
university (all of them European). The rationale is that DE is a long-established scientific field and DE
universities have a much longer tradition in providing it than traditional universities. ERT and DE are
distinctively different, yet they are frequently perceived as similar (Bawa, 2020). It is crucial to
investigate the key differences between ERT and DE (Bawa, 2020), and this case study focused on
empirical research by comparing and contrasting the perceptions of the two groups of participant tutors
regarding the classes that they offered during the pandemic. The research design was guided by the TD
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theoretical framework originally proposed by Moore (1993), a seminal and robust framework of DE.
Consequently, the research work focused on three parameters—course structure, student autonomy, and
instructional dialogue—as these are defined and operationalized by the analytical lens of the theoretical
framework used.

Methodologically, the research work used a triangulation of methods combining quantitative and
qualitative data. The results of the quantitative analysis indicate that the scores that the tutors of the two
groups assigned on the course structure and student autonomy variables were not statistically different.
Yet, there appears to be significant statistical difference with high effect size on the dialogue variable
between the two groups. Qualitative analysis of the tutors’ comments on open-ended questions resulted
in three themes around instructional dialogue: (a) lecture-type approach with tutor-led dialogue versus
participatory learning approaches, (b) differences in tutor-led interaction for student support, and (c)

emphasis on community and collaborative learning versus tutor-led communication.

The ensuing results have both research and practical implications. The research implications touch upon
the need to examine the key differences between ERT and DE (Bawa, 2020), as well as DE learning
design approaches that may be used to address the communication gap between tutors and students in
an ERT setting (Karakaya, 2021). Currently, limited research has been done on this. We can separate
similar works mentioned in the relevant works section into two main categories: those conducted before
the beginning of pandemic when ERT was not a usual situation (if it even existed), and those conducted
after (starting in 2020). In the first category, West (2019) observes that the participant DE tutors
adopted participatory learning approaches and emphasized community learning. In this line of research,
Kassandrinou et al. (2014) emphasize that building learning communities among DE students can
reduce dropout rates. In the second category, Kara and Yildirim (2020) report similar results with
respect to DE tutors’ behaviors, where tutors facilitated various student-centered interactions between
the student and faculty members, peers, the learning content, and the interface of the learning
technologies used. The authors consider establishing social interaction among students as best
pedagogical practice. Bao (2020) presents several instructional strategies of current online teaching
experiences that were adopted during the COVID-19 emergency situation. Bawa (2020) finds that
although ERT didn’t negatively affect students’ grades, students’ perceptions were more negative than
positive, with communication being a key factor. However, the control group in Bawa’s (2020) study
consists of students who took the same f2f course in previous academic years. In the research conducted
herein, we adopt an experimental approach by comparing and contrasting two groups of university
tutors, both teaching at a distance, one of them in DE universities and the other in a traditional
university. This approach is unique, and furthermore, its methodology could entail less conceptual and
design bias.

Additionally, we have shed light on the various aspects of instructional dialogue by comparing how it
manifested in praxis in the online classes of both groups in terms of the learning design adopted, the
tutor role in interacting with students, and student-to-student interactions. Thus, the results of this
research go beyond exploring either DE or ERT, elaborating on the different approaches that they adopt
on various aspects of instructional dialogue. All in all, the research works mentioned above as the most
similar to the present research arrive at conclusions similar to ours with respect to the importance of
facilitating the social aspect in DE settings. However, none of these studies has examined the different
aspects of instructional dialogue, comparing the approaches adopted in DE with ERT.
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DE is multifaceted and time-consuming in regard to the necessary analysis, design, development, and
enactment of courses. Thus, it needs meticulous planning, development, and evaluation (Karakaya,
2021). In contrast, ERT is based on the need to shift to alternative learning solutions until the crisis is
over, and it uses practices and features of f2f teaching, but modifies them (Karakaya, 2021). In the study
herein, the instructional dialogue appeared to be an issue that did not work well in ERT compared with
the typical DE setting. This is important since it is known from previous literature that communication,
collaboration, and dialogue in online learning are essential for a quality teaching and learning
experience. Conveyed is the idea that the use of learning technology should be examined on the grounds
of the pedagogical necessity and integrated into suitable pedagogical models, as well as that technology
is actually innovating the learning process and not just technologizing it (Baneres et al., 2019).
Consequently, an emerging recommendation herein is the use of social-constructivist pedagogical
models, in line with previous suggestions on DE in relation to TD, for example, by Zhang (2003).

The findings also have practical implications for faculty professional development. In particular, the
need to offer enhanced opportunities that focus on online teaching pedagogy and course management
is highlighted (Luongo, 2019). An ensuing recommendation is to focus on the creation of faculty
professional development programs that provide support to traditional university tutors who wish to
embark on DE with respect to dialogic forms of online pedagogy. Farquhar (2013) also supports dialogue
as a driver of a constructivist DE environment, as well as the need for guidance on promising strategies
for increasing it. Furthermore, we need to provide support for both types of dialogue, that is, for dialogue
towards understanding but, most importantly, for dialogue towards conversation (Shearer, 2009). With
respect to sustaining a high-quality instructional dialogue in a DE setting, the results indicate that
suitable instructional strategies are those that help university tutors to make better use of the
affordances of the learning technologies in tandem with the affordances of online learning design. In
particular, those strategies are the following: (a) embrace participatory approaches with increased
opportunities for interaction, (b) create a social learning environment that promotes engagement, (c)
provide support and personalized feedback, and (d) cater to learner-to-learner communication (in
addition to tutor-to-learner communication) and collaboration.

Finally, designing a course suitable for high-quality DE is a time-consuming, multifaceted, and
interactive learning design process (Bawa, 2020; Luongo, 2019). Therefore, the universities and their
leadership need to provide more incentives to faculty members who wish to embark on it (Luongo,
2019). With respect to the human resources needed, the two groups of tutors (i.e. traditional university
tutors and DE university) are comparable, since in the case of big classes in the traditional university
included in the empirical study, the teaching team was made by the course responsible and several
teaching assistants, where typically a teaching assistant is responsible for fewer than 30 students (also
true in the typical case of the two DE institutions). This creates, in turn, the implication of extending
faculty development programs to teaching assistants, wherever possible, since they are closer to the
students in larger classes.

One limitation of this work is the small sample size; in addition, participants are self-selected. According
to Moore (1993), context variables (such as the class size, the subject matter, and the academic level of
the course), could affect the instructional dialogue. In this study, while there was a wide range of subject
matters and academic levels taught by the participant tutors in both groups, the number of students per
class in the case of DE is relatively small—this is typical for DE settings. In addition, the data presented
are from self-reported scores and perceptions; observations would help provide a more holistic and
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objective view. Still, this does not affect the research question, but instead it provides directions for
possible future research.
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Abstract

The purpose of this study is to develop and examine the psychometric properties of the Online Course
Overload Indicator (OCOI) and the Student Mental Fatigue Survey (SMFS). The OCOI was designed to
measure students’ perceptions of cognitive overload in online courses. The SMFS was used to assess
students’ perceptions of mental fatigue while taking online courses. An exploratory factor analysis was
conducted on a sample of 378 undergraduate students from various institutions offering online courses
across the United States. Results of a factor and reliability analyses confirmed that the instruments are valid
and reliable measures of students’ perceived mental fatigue and overload from online course elements. The
analysis supported the model that students’ perceptions of overload in online courses consist of four
constructs—information relevance, information overload, course design, and facilitation—in addition to the
one-factor structure of the SMFS, which consists of the student mental fatigue construct.

Keywords: mental fatigue, cognitive overload, online learning, online course design, student support,
online course development
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Development of the Online Course Overload Indicator and the
Student Mental Fatigue Survey

Mental fatigue is not a novel concept and is one that has received attention through empirical studies in
various areas, such as military, aviation, driving, health care, and its effects on shift workers (Ackerman,
2011). Numerous research studies have been conducted on the effects of mental fatigue on employees in
work-related environments and clinical settings (e.g., Al Ma'mari et al., 2020; Sarkar & Parnin, 2017).
Researchers have also reported on mental fatigue in children and adolescents (Mizuno et al., 2011; Palmer,
2013). It has typically been a problem in clinical and workplace settings. However, limited published
research exists on mental fatigue in online course design and its effects on students’ cognitive functioning.

With the growth in online courses and programs, students are spending more and more time doing
coursework and learning online, and their cognitive functions may be overtaxed to the extent of
experiencing mental fatigue. Researchers have found that mental fatigue can play a part in the disruption
of cognitive functioning (Boksem & Tops, 2008) and information processing, causing reduced attention
and lack of focus on the task (van der Linden, 2011). The effects of mental fatigue may be attributed to
factors in the online environment that are beyond students’ control, such as information overload, poor
course design, and a lack of instructor facilitation, to name a few. Such factors would need further
examination to better understand their effects on students’ level of mental fatigue in the online
environment.

Mental Fatigue

Mental fatigue, sometimes referred to as cognitive fatigue or brain fatigue, is one type of fatigue that is often
researched from a performance and motivation perspective. Beiske and Svensson (2010) define mental
fatigue as measuring “the subjective feeling of being mentally exhausted, encompassing items such as
concentration, memory and speech” (p. 78). DeLuca (2005) describes mental fatigue as “a decrement in
performance from excess mental effort” (p. 8). Hockey (2013) refers to it as “an unfocused mental state
(distraction, frustration, discomfort)” (p. 1). Boksem et al. (2005) describe mental fatigue as “the effects
that people may experience after or during prolonged periods of cognitive activity” (p. 107). The common
element in these definitions points to the underlying cognitive processes that are affected by the
phenomenon of mental fatigue.

Mental Fatigue and Cognitive Load

The theoretical framework that guides and supports this study is cognitive load theory (CLT) (Plass et al.,
2010). CLT is based on the premise that working memory has limited capacity and learners can only process
small amounts of information at any one time (Miller, 1994). Consequently, some instructional design
practices or strategies can impose extra or unnecessary mental effort and may contribute to mental fatigue
that can constrain learning and performance (Clark & Mayer, 2016). Mental load is the load imposed by the
task or sequence of information in the instruction (Sweller et al., 1998). Mental effort is the amount of
capacity allocated to the demands imposed by the instruction (Sweller et al., 1998). Together, mental load
and mental effort make up cognitive load (Ayres, 2006). Cognitive overload occurs when the mental load
exceeds mental capacity (Clark & Mayer, 2016). Cognitive overload is certainly not mental fatigue, but it is
a trigger that can cause mental fatigue. In other words, once mental capacity is exceeded, the brain becomes
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mentally exhausted. Individuals typically experience an overload of mental capacity during and after taxing
cognitive activity for prolonged periods. Once mental capacity is exceeded, it causes cognitive overload,
which can trigger mental fatigue. When students are fatigued, they become disengaged, frustrated, and
stressed, and their learning ability and/or capacity becomes diminished.

Online Versus Traditional Classroom Environments

There have been many studies on mental fatigue in work-related and clinical settings, however only a few
studies have examined mental fatigue in educational settings (Csatho et al., 2012; Mizuno et al., 2011). This
phenomenon has been largely overlooked in online environments, and there have been only a limited
number of studies on information overload and fatigue in online environments (Lee et al., 2016; Tugtekin,
2022). However, researchers have found that there are challenges in online environments that might not
exist in traditional classrooms, such as student perceptions of isolation; learner frustration, anxiety, and
confusion; lack of community; lack of instructor engagement and immediate response; information
overload; and challenges with technology, including access to a reliable Internet connection (Holmes &
Reid, 2017). These challenges may affect the learner and the online learning experience and could be
indicators that the online environment is causing undue mental fatigue.

Sources of Mental Fatigue

Cognitive overload caused by greater mental effort, task difficulty, and design of instruction (Plass et al.,
2010) is a contributor to increased levels of mental fatigue (Balkin & Wesensten, 2011). Hence, factors that
directly impact students, including course design, facilitation, information overload, and information
relevance, are considered potential sources of mental fatigue. The following sections discuss each one of
these sources as it relates to the online learning context.

Course Design

Course design is operationalized in this study as the organization, format, and structure of the online course
including the components that make up its structure (e.g., multimedia elements, visual design elements,
organization, etc.). Clark and Mayer (2016) propose a set of multimedia principles that can be used in the
design of online courses to avoid overloading learners with extraneous content and to design courses in
effective ways to promote student learning (Clark & Mayer, 2016). Additionally, the organization of the
online platform and effective design of learning materials for online courses can help students engage in
active learning by decreasing cognitive load. The psychological reason for effective course design is to help
learners use their cognitive capacity to focus on the relevant instructional goals by reducing irrelevant
processing of information, thereby minimizing cognitive load and mental fatigue.

Facilitation

Facilitation is operationalized in this study as the level of instructor presence, instructor immediacy, and
feedback provided in an online course. Facilitation in the online environment is a fundamental element for
student learning, satisfaction, and cognitive overload (Wanstreet, 2006). Some researchers have argued
that instructor facilitation is important to “support and enhance social and cognitive presence for the
purpose of realizing educational outcomes” (Garrison et al., 1999, p. 90). Researchers also note that various
forms of instructor behaviors, such as frequently interacting with students, using informality and
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casualness, returning phone/e-mail messages, and being accessible to students, to name a few (see
O’Sullivan et al., 2004, for more cues), can be incorporated via the course design and written interactions
(Baker, 2010).

Information Overload

The meaning of information overload can be different depending on the research context. This study
adopted the definition proposed by Lee et al. (2016): information overload occurs when individuals “are
exposed to more information than they can accommodate in their capacity for information processing”
(p. 53). Two main determinants of information overload are human processing capacity and complexity
(Sweller, 2008). Plass et al. (2010) declare that the source of cognitive load comes from the design of the
materials, the difficulty of the material to be learned, and the mental effort required to process the new
information. Furthermore, the type of cognitive load (i.e., intrinsic or extraneous) can contribute to
increased levels of mental fatigue, with more difficult tasks consuming more mental effort (Balkin &
Wesensten, 2011). Similarly, information overload in the online learning environment can originate from
various sources, such as complex course content, an excessive number of readings, numerous topics in one
lesson, long videos, and too many resources in the course, to list a few (Guo et al., 2014).

Information Relevance

Information relevance is an important aspect of any course. Roberson (2013) defines relevance as “the
perception that something is interesting and worth knowing” (p.18). Information relevance is
operationalized in this study as the extent to which course content is helpful and relevant to a student’s
learning and success in and outside of the online course (Lee et al., 2016). Information relevance can
produce an increase in motivation (Keller, 1983) and a decrease in mental load (Roelle et al., 2015). The
irrelevance of information for current or future needs can affect personal motives, goals, and values and
lead to greater fatigue due to a lack of motivation (Edwards & Cooper, 2013; Herlambang et al., 2019). Based
on research findings, Roelle et al. (2015) conclude that specific relevance instructions could lower the
amount of extraneous cognitive load that students have to process, finding that students who received
specific relevance instruction had more working memory capacity to execute cognitive processes.

Purpose of the Study

Although the importance of understanding fatigue in learning has been recognized in previous research
(Palmer, 2013), no attempt to date has been made to create and validate instruments to measure the
underlying concept of student mental fatigue in educational settings (Hafezi et al., 2010). Some previous
studies have used self-developed items; for example, Csathd et al. (2012) used a non-standard, one-item
statement focusing on student tiredness levels to measure undergraduate and postgraduate students’ levels
of subjective fatigue before and after fatigue-inducing mental tasks. Others have attempted to use
instruments designed for medical purposes. For example, Mizuno et al. (2011) examined cognitive
predictors of fatigue in elementary and junior high school students by using the Chalder Fatigue Scale
(Chalder et al., 1993), which is designed to measure the severity of chronic tiredness due to illnesses.
Another instrument to measure chronic fatigue, the Checklist Individual Strength questionnaire (Vercoulen
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et al., 1994), has also been frequently used in studies (Bakker et al., 2009). Unfortunately, these existing
instruments, usually designed for medical diagnosis purposes, do not specifically measure how fatigued
students feel while doing coursework and do not apply to diverse student populations in online courses.

Furthermore, there is no systematic way, at the time of writing, to help instructors identify specific areas in
the online environment that may be causing overload. The repercussions could include poorly designed
online courses that lead to student cognitive overload, disengagement, and attrition. The challenge
presented to online instructors is recognizing whether online instruction and/or the design of the online
environment contributes to mental fatigue. As a result, instruments are needed in the field of education to
gather information about sources of student mental fatigue in online courses. Understanding these
constructs will enable better decision making that can lead to improved instructional design that minimizes
cognitive overload and mental fatigue.

Therefore, the purpose of this study was to develop two instruments—the Online Course Overload Indicator
(OCOI) and the Student Mental Fatigue Survey (SMFS). The SMFS examines and confirms the level of
mental fatigue students are experiencing while doing coursework, and the OCOI helps to identify where the
mental fatigue/overload is coming from within the online environment (i.e., online course design
elements). The research question of the study is the following: What are the psychometric properties (i.e.,
factors to be retained, variance for each factor, reliability of subscales, and interpretation of factors) of the
OCOI and SMFS?

Methodology

Participants

This study used a non-probability sample from a Qualtrics panel. The target population was undergraduate
students who were at least 18 years of age and currently enrolled in a fully online course, defined by the
Online Learning Consortium as a course in which all activities are done online without any required face-
to-face components (Mayadas et al., 2015). The instruments were administered to students after the
Thanksgiving break to ensure that students had enough time to acclimate to the online course and
environment. Participants were instructed to complete the survey with respect to any online course they
were taking that semester. The panel sample was acquired from Qualtrics Panels, LLC. The company
collected data from participants enrolled in various distance education institutions/programs across the
United States. The company was responsible for sending the survey out through its panel partners to
participants, inviting them to complete the online survey in return for incentives, which the company
provided. Nunnally’s (1978) widely cited recommendation is that the subject-to-item ratio should be at least
10:1 for exploratory factor analysis. Therefore, the instruments were tested with a large sample to establish
validity and reliability (DeVellis, 2003).

Data from 378 undergraduate students, who were enrolled in online courses, were used for the analyses in
this study. The majority of students were female (82%; 18% male), which could be due to the trend of higher
female enrollment in distance education (Guramatunhu, 2015). The students ranged in age from 18 to 50
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years (M = 27.15, Mdn = 25.00, SD = 7.57). The ethnic composition of the sample was diverse. Students
self-identified with the following ethnicities: white (65.87%), Black/African American (15.87%),
Hispanic/Latino (11.11%), Asian (3.17%), multiple (1.85%), American Indian/Alaskan Native (1.32%), and
other (0.79%). Most students indicated that this was not their first semester taking an online course
(69.3%). In addition, the data revealed that a large portion of students (62.9%) were taking three to six
credit hours of online courses. Regarding technical skills, the majority of the students indicated that they
were very proficient computer users (70.9%).

Instrument Design and Development

This section addresses the design and development of the OCOI and the SMFS. This study’s inventory
design and development process generally followed DeVellis’s (2003) eight-step scale development process.
Under DeVellis’s (2003) guidelines, the eight-step process was organized into three distinct stages for this
study: stage 1—identification of constructs and development of subscale items (steps 1—3); stage 2—expert
review and validation (steps 4—6); and stage 3—factor analysis and scale optimization (steps 7—8).

Stage 1: Identification of Constructs and Development of Subscale Items

In stage 1, the initial identification of the constructs was based on themes that emerged from an extensive
literature review and additional findings in a pilot study, conducted at a four-year public university in the
southwestern region of the United States to gather data about the levels of subjective fatigue experienced
by online students (Alleyne Bayne, 2016). The pilot study included 63 graduate and undergraduate students
from different majors in fully online courses. Results revealed that 36.5% of students had severe levels of
mental fatigue, 31.7% had elevated levels, and 31.7% had normal levels (Alleyne Bayne, 2016). Anecdotal
evidence from students about the effort exerted were testimonials of their levels of frustration, which were
similar to student comments from previous surveys (Barnard & Paton, 2007; Lambert et al., 2009). Several
themes emerged from the analysis including information relevance, information overload, course design,
instructional activities and materials, and student mental fatigue (Alleyne Bayne, 2016). A list of constructs
and their definitions are listed in Table 1.
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Table 1
Definition of Constructs
Construct Definition
Information relevance The extent to which course content is helpful and relevant to a

student’s learning and success in and outside of the online
course (Lee et al., 2016)

Information overload Occurs when individuals “are exposed to more information
than they can accommodate in their capacity for information
processing” (Lee et al., 2016, p. 53)

Course design The organization, format, and structure of the online course,
including the components that make up the structure (e.g.,
multimedia elements, design elements, etc.)

Instructional activities and materials  The activities and materials that effectively communicate the
content and/or instructor’s intent (e.g.,
instructions/guidelines, assignments, reading materials,
multimedia elements) to learners to promote learning

Facilitation The level of instructor presence, instructor immediacy, and
feedback provided in an online course

Mental fatigue A self-reported feeling of tiredness after a long duration of
mental activity; encompasses feelings of anxiety, frustration,
and stress

The next step was the exploration of relevant literature on existing validated instruments pertinent to the
constructs that were investigated, including mental fatigue (Mota & Pimenta, 2006; Vercoulen et al., 1994),
information relevance (Lee et al., 2016), information overload (Chen et al., 2011; Lee et al., 2016), student
perceptions of connectedness (Bolliger & Inan, 2012), student perceptions and expectations of online
learning (Harris et al., 2011), instructional activities and materials (Roach & Lemasters, 2006), facilitation
(Bolliger & Inan, 2012; Harris et al., 2011), and course design (Harris et al., 2011). The creation of the initial
item pool was guided by the construct definitions provided in Table 1, keywords that represent the

constructs, and an existing set of items from other validated instruments.

Stage 2: Expert Review and Validation

In stage 2, the items were written to represent each construct of interest using the guidelines presented by
Worthington and Whittaker (2006) for the generation of an item pool—that is, they are “clear, concise,
readable, distinct, and reflect the scale’s purpose” (p. 813). Decisions were made on the number of items for
each scale and the type of response format. Hinkin et al. (1997) recommends four to six items for each
construct. The Likert response format was used because it is reported as the most widely used in instrument
development for attributes measuring constructs that are unobservable such as attitudes or beliefs
(DeVellis, 2003). A preliminary list of 38 items (30 for the OCOI and 8 for the SMFS) on a Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree) was developed.

The item inventory was sent to a panel of experts in distance education and instructional technology for
face and content validity evaluation. The panel experts consisted of three faculty members who had terminal
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degrees and several years of experience in teaching online, designing online environments, developing
instruments, and publishing research, and one instructional designer with more than 10 years of experience
designing/developing hybrid and online courses. Panel experts were contacted individually via e-mail and
were provided with instructions, operational definitions, and a scale and rating form for review and
comments/suggestions for improvement of the instrument. Additionally, the experts were provided with
working definitions of the constructs (see Table 1) to rate the items in each construct concerning their
relevance to the definition (DeVellis, 2003). Changes to the instruments were made based on
recommendations from panel experts. The OCOI included 30 items and five subscales as follows:
information relevance, information overload, course design, instructional activities and materials, and
facilitation. The SMFS comprised eight items on a single subscale.

Stage 3: Data Collection and Analysis

In stage 3, the items were administered, along with other scales, to the panel sample of 378 undergraduate
students enrolled in online courses to validate the instruments. The main purpose of this stage was to
establish the psychometric properties of the instrument. Preliminary analysis was conducted after the items
were administered to the sample. The assumptions were checked for normality/linearity (Wilcox, 2013),
and sample size adequacy was also checked (Bartlett, 1951). The principal component analysis was used as
a data reduction technique to reduce observed variables into a smaller number of components
(Worthington & Whittaker, 2006). The oblique (Promax) rotation was used because of the assumption that
the factors underlying the items are correlated according to previous theoretical support (Field, 2009). The
number of factors to be retained was determined using several methods. Factor extraction and rotation
were conducted to get the loadings for each factor and to improve the interpretation of the factors (Mertler
& Vannatta, 2016).

Results

OCOIl: Exploratory Factor Analysis Results

Four criteria were used to determine the appropriate number of components to retain: eigenvalue, scree
plot, total variance explained, minimum average partial (MAP) test, and parallel analysis. Upon
examination of the eigenvalues, five factors were above the value of 1 and explained 54.73% of the total
variance. Kaiser (1960) recommends retaining all factors with eigenvalues greater than 1. There is a
consensus in the literature, however, that using eigenvalues is one of the least accurate measures to
determine the number of factors to retain (Carpenter, 2018; Costello & Osborne, 2005). Previous research
suggests that parallel analysis (PA) is more accurate than other methods to determine the number of factors
to retain (Matsunaga, 2010). Velicer’s MAP test is also a validated procedure that was used to decide on the
number of factors to retain (O’connor, 2000). The Statistical Package for the Social Sciences (SPSS) with a
subprogram was used to compute PA and MAP for the OCOI. The results from the PA indicated a four-
factor structure. Similarly, a four-components solution was suggested by the original and revised MAP test.
The scree plot was slightly ambiguous but also supported the retention of four factors. Therefore, four
factors were retained based on the results of the PA, MAP test, and scree plot (see Figure 1).
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Figure 1
Parallel Analysis Scree Plot Results
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The four-factor structure yielded a total explained variance of 50.99%. Each retained item loaded
distinctively on one of the four factors. Cross-loadings and multiple factor loadings have been identified as
evidence of complex items reflecting the influence of more than one factor (Worthington & Whittaker,
2006). Examination of the pattern matrix revealed items from one scale with cross-loading or multiple
factor loadings. Therefore, the items from the instructional activities and materials subscale were
eliminated due to low factor loadings and/or loading to multiple subscales. In Table 2, the retained items
are ordered and grouped by the size of their loadings.

Table 2

Summary of Exploratory Factor Analysis Results for the OCOI (n = 378)

Subscale and items

Component
1 2 3
Information relevance

Information will be useful for my current or future job 794
Information will prepare me with practical knowledge 767
and skills

Information is related to real-life situations .766
Information contributes to my success in this course 757

82



Development of the Online Course Overload Indicator and the Student Mental Fatigue Survey
Alleyne Bayne and Inan

Subscale and items

Component
1 2 3 4
Information is related to my interest(s) outside of the .663
online course
Information presented is what I need to know to be .601
successful in the course
Facilitation
The instructor is actively involved in the online .869
environment
The instructor communicates clearly in writing .848
throughout the course
The feedback provided by the instructor is constructive .828
The instructor is responsive to my questions 784
The instructor provides timely feedback 776
The instructor encourages learner participation in 732
course activities/tasks
Course design
The course tasks/assignments are easy to locate .769
The course is easy to navigate .759
The design (e.g., organization, presentation, i.e., look 756
and feel) is consistent throughout the course
The course materials are easy to find 756
The design elements (e.g., colors, fonts, buttons, use of .701
space) are visually pleasing
The course was logically organized .660
Information overload
The number of readings is overwhelming 763
There is an excessive amount of information to process 728
in the course
The course content is complex .605
There are too many resources in the course .674
The videos are too long .621
The number of threads/replies posted in the online .585
discussions is overwhelming
Initial eigenvalue (all items) 8.90 2.58 2.07 1.74
Initial % of variance explained (all items)
20.67 8.59 6.91 5.81

Note. Factor loadings under .50 were removed for the retained constructs.

The SMFS: Exploratory Factor Analysis Results

The SMFS was examined with principal components analysis. Typically, factor analysis requires two steps:
(a) factor extraction and (b) factor rotation. However, after factor extraction, an examination of the scale
revealed a single underlying dimension. Thus, the component loadings of the individual items indicated a
single construct. Therefore, no factor rotation was used. Eigenvalues and the scree plot were examined for
factor retention. On inspection of the eigenvalues, only one factor was above the value of one and explained
62.21% of the total variance. The scree plot suggested retaining one factor and was in concurrence with the
eigenvalues. Therefore, one factor was retained. Only items with a factor loading of at least .50 were
interpreted, based on Comrey and Lee’s (1992) factor loading guidelines. All item loadings were above .50,
and there were no cross-loading items. In Table 3, the items are ordered and grouped by the size of their
loadings.
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Table 3

Summary of Exploratory Factor Analysis Results for the Student Mental Fatigue Survey (SMFS) (n = 378)

Item Component
1
Mental fatigue
I feel stressed when doing coursework .863
I feel overwhelmed when doing coursework .856
I feel frustrated when doing coursework .817
It is difficult to focus when doing coursework .813
I feel anxiety when doing coursework .788
I feel confused when doing coursework 752
I feel tired when doing coursework 748
It is difficult to relax immediately after doing coursework .652
Initial eigenvalue 4.98
Initial % of variance explained 62.21

Note. All factor loadings were greater than .50 for the retained construct.

Reliability Analysis

Internal consistency and reliability analyses were conducted to determine the extent to which items
correlated with each other and the degree to which items consistently measured the same construct as other
items within that scale (Slavin, 2007). To determine the instrument’s reliability, Cronbach’s alpha
coefficient was calculated. The final model for the OCOI retained 24 items and four subscales. The overall
reliability of the OCOI was 0.89. Information relevance, facilitation, course design, and information
overload subscales all had high to moderate reliabilities, with Cronbach’s alpha ranging from 0.77 to 0.90.
The final SMFS included eight items. The overall reliability was high (0.91). Further analysis indicated that
this alpha would not increase with the deletion of any item(s). Table 4 includes the number of items,
Cronbach’s alpha coefficients, means, and standard deviations for the OCOI and SMFS.

Table 4

Online Course Overload Indicator (OCOI) and Student Mental Fatigue Survey (SMEFS) Reliability
Summary Statistics

Subscale No. of items Cronbach’s a Mz SD
0OCOI
Information relevance 6 0.81 3.97 0.63
Course design 6 0.83 3.87 0.62
Facilitation 6 0.90 3.76 0.79
Information overloadbP 6 0.77 2.88 0.78
SMFS
Mental fatigueb 8 0.91 2.79 0.92

Notes. 2 Mean scores were calculated by adding up the scores of all items loaded to the scale and dividing the total by

the number of items on the scale. b Negatively phrased items were reverse coded before running the calculations.
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Discussion

The evidence from previous studies suggests that understanding the impacts of course design elements on
students’ level of mental fatigue is important because it may potentially impact learning and performance
(Ackerman et al., 2010; Jensen et al., 2013), cognitive flexibility (Plukaard et al., 2015), and exploration of
complex tasks (Sarkar & Parnin, 2017). However, there is a lack of information in the research on the effects
of course design elements and mental fatigue in online environments. This may be due to mental fatigue
being a difficult construct to measure and because up to the date of writing, no instruments have been
identified that measure student mental fatigue in online environments. Therefore, the OCOI and the SMFS
were developed to be used to fill this gap in the literature from an online learning perspective.

The feedback from students regarding course design and implementation elements is an important aspect
in helping instructors provide quality instruction to learners. Therefore, a valid and reliable evaluation tool
(such as the OCOI) would help instructors identify specific areas for improvement within the online course
(e.g., content, design, and environment). In addition, the SMFS could help instructors understand the
mental constraints of their learners in terms of whether they feel overwhelmed, confused, anxious, or
frustrated when doing coursework. Additionally, online courses usually attract students from diverse
backgrounds (e.g., working professionals needing flexible schedules, nontraditional students, etc.).
Considering these learners’ mental and physical workloads, improvements in the learning experience could
make a difference in their learning outcomes (e.g., content retention and course performance). The four
constructs identified on the OCOI gather the student perspective regarding overload indicators in the online
environment, and they have been frequently mentioned by online students as sources of their frustrations
(Alleyne Bayne, 2016; Barnard & Paton, 2007; Lambert et al., 2009).

Future Research and Limitations

This study has explored the design of two new instruments regarding online course overload indicators and
their effects on students’ mental fatigue. Considering the novelty of the subject studied, several areas can
be further explored. Future studies using alternative statistical procedures (e.g., confirmatory factor
analysis) could validate the developed instrument. A follow-up with confirmatory factor analysis on a new
sample could be useful, as researchers recommend repeating instrument validation with a new data set for
optimizing the scale length (Field, 2009; Worthington & Whittaker, 2006). These instruments can also be
used to investigate whether course design elements predict mental fatigue in online courses. Additionally,
studies can examine the relationship between academic performance and perceived student mental fatigue
in an online environment, as well as whether improvements in course design decrease perceived student
mental fatigue.

In this study, one limitation was that the researchers were not directly involved in the online course design,
which would have given the study a point of reference for the quality of the online course environments. In
future studies, researchers may consider directly reviewing and evaluating various online course design
elements. The research should be expanded into the actual online course environment with instructor input
and expert assessment of the course components along with the student-level data to correlate the
constructs and their impact on learning outcomes. Additionally, future studies could involve multiple data
collection points to explore the effects of online course design elements on students’ mental fatigue in an
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online learning environment. Such longitudinal studies would allow researchers to monitor changes in
student mental fatigue over time.

Conclusion

Several existing instruments are used for fatigue research in medicine. However, these instruments are not
targeted toward the online environment—specifically, the design of online courses. Therefore, an important
outcome of this study was identifying tools that educators can use to assess whether design elements in
online instruction contribute to mental fatigue. Two instruments were created that can assist instructors
teaching courses online to assess student perceptions of cognitive overload and mental fatigue when doing
coursework. Specifically, the Online Course Overload Indicator (OCOI) was designed to measure students’
perceptions of cognitive overload in online courses. The Student Mental Fatigue Survey (SMFS) was
designed to measure students’ perceptions of mental fatigue while taking online courses. The findings from
this research study may be helpful for instructors seeking to optimize their online course design to promote
better learning experiences for online learners. For those instructors who are new to online teaching and
thus unprepared to teach in this environment, and/or for seasoned instructors who have never taught
online, the OCOI could be used to better gauge where in the online course/environment students are being
overloaded, and adjustments to the course can be provided as needed. Hence, the knowledge gained from
this research study could enable practitioners in education to use these tools to facilitate online learning,
thereby improving online course content in meaningful and relevant ways to promote student learning and
satisfaction.
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Abstract

Online discussion research has mainly been conducted using case methods. This article proposes a method
for comparative analysis based on network metrics such as information entropy and global network
efficiency as more holistic measures characterizing social learning group dynamics. We applied social
learning optimization analysis of networks (SLOAN) to a data set consisting of Coursera courses from a
range of disciplines. We examined the relationship of discussion forum uses and measures of network
efficiency, characterized by the information flow through the network. Discussion forums vary greatly in
size and in use. Courses with a greater prevalence of subject-related versus procedural talk differed
significantly in seeking but not disseminating behaviors in massive open online course discussion forums.
Subject-related talk was related to higher network efficiency and had higher seeking and disseminating
scores overall. We discuss the value of SLOAN for social learning and argue for the experimental study of
online discussion optimization using a discussion post recommendation system for maximizing social

learning.

Keywords: social learning optimization analysis of networks, SLOAN, social cognitive theory, social
learning, information theory, network analysis
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SLOAN: Social Learning Optimization Analysis of Networks

The advent of the Internet and information technology is radically reshaping social relations. No field has
been unaffected, especially educational technology. New data analysis technologies and new possibilities
unlocked by increasing computing power are reshaping research by introducing advanced statistical
modeling techniques. Researchers can use powerful open-source information tools to create new fields and
new tools of investigation. This same process repeating itself across all fields of human activity, dubbed
technological disruption by some, shows how information technology can remake human activity. From a
social-cultural perspective, information technology as a psychological tool serves knowledge transmission
and production. Psychological tools have the characteristic of being endlessly combinatorial and expressive
(Vygotsky, 1986; Wertsch, 1985). At the same time, information technology has a material dimension as
well: the interconnectedness of information technology, and computational tools and data, can be put to
work to serve particular ends that create the conditions for new activities to arise. For Marx (1839—
1841/1973), automation leads to the accumulation of productive capital. Somewhat presciently, he divined
that these forms of infinite labor surplus of information machines would remake social relations. Thus,
information technology in both its material and psychological dimension is sui generis, a tool of infinite
productive capacity that, in dialectical fashion, expands the sphere of human activity while automating away
human labor.

Educational technologists have eagerly incorporated new technological and methodological developments
from data science into their research (Wise & Cui, 2018). This is evidenced by the growth in data-focused
fields of educational data mining and learning analytics but also in the growth of mobile and multimodal
technologies using user data to curate learning experiences. Whereas much educational technology
research has focused on developing learning tools and measuring impact, comparatively little research has
explored the development of learning interfaces, or

the windows on the world through which a person views information and which cause a
certain quality of learning to occur. Interfaces to learning are the cognitive artifacts, the
resources for learning, that populate the learning environment and occasion learning
(Duchastel, 1996, p. 207).

Although the idea of learning interfaces can be traced back to Duchastel’s work with a special committee of
the North American Treaty Alliance (NATO) investigating the possibility of advanced educational
technology (Liao, 1996), few researchers in the intervening years have focused on educational interface
design (Kloos et al., 2020), and learning interfaces have not evolved considerably in the intervening years.
We may have more data, but educational technologists are still searching for ways to incorporate learning
analytics into learning technologies (Wise et al., 2015). One issue is that learning technologies are still
primarily focused on formal learning activities, and content and learning interfaces have thus remained
primarily static, orchestrated affairs. Much educational technology is focused on tools that are helpful for
teaching and learning knowledge and skills: for instance, an important aspect of the field of self-regulated
learning is focused on leveraging multimodal learner data to support the development of meta-cognitive
skills (Winne, 2017). However, few have explored how information technology creates new opportunities
for knowledge production as well as reproduction or how information technology creates new contexts for
learning. One exception has been discussion forums. The seminal work around the Knowledge Forum and
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computer-supported collaborative learning (Scardamalia & Bereiter, 2014) provides a glimpse of the
potential of information technology for expanding learning possibilities by harnessing network effects of
groups of learners. Although much recent research has applied new analytical techniques to the study of
online discourse (Rosé, 2017), technology-supported learning environments have not kept pace with new
innovations in Internet technologies that exploit advanced statistical techniques and the abundance of data
and computing power to create more dynamic and adaptive learning interfaces (Wise et al., 2015), for
instance, interfaces that can moderate and curate user discussion threads based on their interactions.
Studies of online discourse show that differential patterns of interaction lead to qualitatively different
learning outcomes (Fu et al., 2016). For instance, Wise et al., (2014) have demonstrated that speaking, or
posting, is predicted by listening, or attending to others’ posts. Yet few studies to date have explored
algorithmic methods for fostering those interaction patterns associated with better learning outcomes
(Rosé et al., 2008).

Online discussion forums are a ubiquitous part of contemporary connected living. We use them to
communicate, share, express, and interact. At the most fundamental level, they are about information
sharing. From them, we can get crowdfunded advice, and we can learn from the wisdom of the crowd.
Indeed, most turn to the Internet for answers to their questions because they know that their question has
already been asked and answered many times before. Thus, we are interested in optimizing discussion
forums for social learning. In network analysis terms, we argue that improving the flow of information, or
the efficiency of the network, can help create better online learning communities and foster better discourse
overall. Optimization (Boyd & Vandenberghe, 2004), in mathematical parlance, refers to solutions that
minimize error given a specific value function. Network optimization refers to finding all the connections
that maximize benefit (or, equivalently, minimize error). In the context of social learning networks, the
benefit equates to maximizing learning opportunities that can be gained from online connections. In recent
years, online discussion forum research has seen an explosion, and analytical methods have been a large
focus of this research (Ruipérez-Valiente et al., 2020; Zhu et al., 2020). However, this research has largely
been approached in a case-based fashion, with a concomitant variety of approaches. The profusion of
analytical methods (Almatrafi & Johri, 2019; O’'Riordan et al., 2020) and the lack of controlled experiments
make it hard to draw strong conclusions based on the extant literature. The lack of a unifying theoretical
framework and method are partly responsible. Information network theory can arguably bridge
perspectives and help identify features of discussion forums for comparative analysis and experimental
study. Whereas many researchers have applied social network analysis to the study of online discussion
forums (Jan et al., 2019; Kim & Ketenci, 2019), most have focused on connections and have not considered
the quality of those connections in terms of content and message (Wise et al., 2017)—in other words, the
flow of information through the network. In their systematic review of social network analysis in online
learning, Jan et al. (2019) found a general lack of consideration to attributional and performance variables
in the extant literature. The field of network theory provides tools to analyze the flow of information through
networks. Information flow is a fundamental aspect of social learning in online discussion forums. This is
central to understanding how discussion features are related to better learning outcomes. We borrow the
related notions of information entropy and network efficiency (Brinton et al., 2016; Latora & Marchiori,
2001) to understand the diffusion of information within a group. Information entropy refers to the overall
structure of the information graph (Dehmer & Mowshowitz, 2011) and network efficiency to the degree to
which information flows through the graph (Latora & Marchiori, 2001). In the present study, we examine
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network efficiency across 60 Coursera courses collected over a one-year period by Rossi and Gnawali
(2014). We compare courses to understand how course features might influence discussion forum
efficiency. More efficient online discussion forums can promote better social learning and better social
outcomes.

Literature Review

In the following sections, we review social learning research in the context of discussion forums, and we
examine the relationship between massive open online course (MOOC) discussions and learning outcomes.

Social Learning

According to Crittenden (2005), social learning theory “explains human behavior in terms of continuous
reciprocal interaction between cognitive, behavioral, and environmental influences” (p. 960). Social
learning theories (Deaton, 2015) allow us to examine and understand the social factors that contextualize
and influence teaching and learning. According to social learning theories (Hill et al., 2009), collective
behavior is considered key in shaping learning in a social context. Indeed, among the dimensions that shape
social learning is shared construction of knowledge. In fact, Reed et al. (2010) note that a critical
distinguishing characteristic of social learning is that a process—to be considered social learning—ought to
occur through social interactions between actors in a network. As such, the collaborative purpose is
important to the purpose of the network.

Theories of social learning emphasize the importance of discourse to the performance of groups. In fact,
discourse is widely recognized as a ubiquitous and important feature of teaching and learning in and out of
classrooms (Gilbert & Dabbagh, 2004). The notion of the importance of discussions has had a strong impact
in educational research (Wu & Hiltz, 2004). Discussion is considered an important driver for social learning
development (Soter et al., 2008). As such, to successfully coordinate learning, a key objective is to foster
and facilitate effective discussions among participants in a group learning setting (Hill et al., 2009; Lee &
Recker, 2021), especially in online environments (Rakovic et al., 2020).

Since the advent of mobile computing, the rapid diffusion of educational technology has offered new
opportunities for teaching, learning, and research (Castaneda & Williamson, 2021; Lemay, Doleck, &
Bazelais, 2021). The need to better understand social learning is made more acute as more learning and
teaching starts to take place in online learning environments (Castro & Tumibay, 2019). Researchers have
emphasized ever more the need to examine educational technology’s features and mechanisms that
promote effective teaching and learning (Kimmons et al., 2021).

A common theme underlying the literature on online learning environments is that discussion forums are
a crucial feature of online learning environments (Lee & Recker, 2021; Tirado et al., 2012), not only because
they enable and support interactions and communication (Almatrafi & Johri, 2019) but because they
facilitate the sharing of ideas and knowledge (Andresen, 2009; Rovai, 2007). The literature on online
learning environments informs us that the utility of online learning environments such as MOOCs is often
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tied to their ability to provide conditions that enable effective discourse (Goshtasbpour et al.; Hill et al.,
2009).

MOOCs and Discussion Forums

Discussion forums—widely seen as important in fostering and facilitating communication and interaction
among participants in learning communities (Hammond, 2005; Rovai, 2007)—are considered crucial for
social learning (Almatrafi & Johri, 2019; Goshtasbpour et al., 2021; Thomas, 2002). The topic of computer-
mediated discussion forums has drawn significant attention from educational technology researchers (Gay
& Betts, 2020). Prior research has extensively studied discussion forums for teaching and learning (Chiu &
Hew, 2018), particularly as key learning spaces in online courses and learning management systems
(Marra, 2006). For the current study, we focus on a specific context of MOOCs. The argument for
prioritizing MOOCs in the current study starts with an observation that “the MOOC environment has great
potential for leveraging social learning on a global scale” (Loizzo & Ertmer, 2016, p. 1028). Indeed, MOOCs
have attracted scholarly attention that continues to grow (Ruipérez-Valiente et al., 2020). In fact, a recent
review notes that social learning is a key topic of research on MOOCs (Zhu et al., 2020). Common to most
studies on MOOC discussion forums is an acknowledgment that MOOCS often do not offer individual
instructor support to students (Moore et al., 2020)—that in most instances of MOOC discussion forums,
they “are the only channel for support and for information exchange between peers” (Boroujeni et al., 2017,
p. 128).

Early work on MOOC discussion forums relied heavily on frequency counts and other quantitative measures
(Marra, 2006; O’Riordan et al., 2020). In fact, O'Riordan et al. (2020) note that research on MOOC
discussion forums has been “dominated by assessments of the quantity rather than the quality of
interaction” (p. 691). Yet Moore et al. (2020) note that the volume of text in MOOC discussion forums is
both an opportunity and challenge for researchers.

With the availability of fine-grained data, the analyses of discussion forums have expanded due to the
creative use of data and advanced analytical methods. Researchers have used different methods for
understanding various aspects of discussion forums and for extracting actionable insights from forum data
across a wide variety of MOOCs (Ruipérez-Valiente et al., 2020). Almatrafi and Johri (2019) conducted a
review of MOOC discussion forums and extracted the following common methods for analyzing them:
observation, qualitative data, statistics, data mining, visualization, and social network analysis.
Furthermore, several researchers underscore the need to examine the links between discussion forums and
learning outcomes (Almatrafi & Johri, 2019; Galikyan et al., 2021; Joksimovi¢ et al., 2017). Such efforts are
also salient for understanding if participating (or not participating) in MOOC discussion forums helps or
hinders learning and learning outcomes.

MOOC Discussion Forums and Learning Outcomes

Discussion forums serve as an important means by which participants overcome communication
constraints. As noted at the outset, discussions can impact teaching and learning and, in turn, learning
outcomes. Importantly, discussion forums are fertile grounds for research providing data sources for
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(a) measures of engagement, by tracking users’ forum viewing patterns; (b) measures of
mastery, understanding, or affect, generated by applying natural language processing to
the raw text of forum posts; and (c) social network data by assembling graphs where
various connections in the fora constitute edges. (Gardner & Brooks, 2018, p. 138)

Given the rich data available from discussion forums, a recent and growing body of work has specifically
focused on the association between MOOC discussion forums and learning outcomes.

The role of discourse behavior and forum activities has been explored in a number of studies (e.g.,
O’Riordan et al., 2020), with some documenting an association between discourse behavior and learning
(e.g., Wang et al., 2015) and others finding correlations between forum activity and course success (e.g.,
Santos et al., 2014). To contextualize the link between discourse on MOOCs and performance, Dowell et al.
(2015) note that discourse features accounted for 5% of the variance in the performance in their analysis.
Yet other research finds active participants contributing posts unrelated to the course at a higher rate (Feng
et al., 2015). Almatrafi and Johri (2019), in reviewing the literature on discussion forums in MOOCs,
summarize the findings apropos participation and performance by noting that “there is a correlation
between participation in the forums and completion and performance” (p. 420).

Studies in this area have also focused on the cognitive dimension of learning. With a focus on the content
generated by learners in a MOOC discussion forum, Galikyan et al. (2021) examined the link between
learner cognitive engagement and performance, finding a negative relationship. Regarding social
interactions in MOOC s, one strand of research focuses on social presence. For instance, Zou et al. (2021)
find that certain social presence is linked with higher network prestige in MOOC discussion forums.

Comparative analysis has also been an active area of analysis in MOOC forum research. For example, some
studies adopting a comparative perspective have documented differences across MOOCs (e.g., Jiang et al.,
2014; Joksimovi¢ et al., 2016). Other research has examined differences between contributors and non-
contributors to discussion forums (Wise & Cui, 2018). The authors document a higher rate of passing the
course for contributors. Similarly, other studies have documented better scores for learners participating
in MOOC discussions (Tseng et al., 2016). Research has also suggested that MOOC discussion forum
activities can influence learning and achievement differently (e.g., Chiu & Hew, 2018). These differences
highlight the importance of comparing not only between MOOCs but also between different types of
learners.

Focusing on the methodological issues and challenges, prior research has raised concerns regarding
operationalizing discussion forum use (Bergner et al., 2015; Tang et al., 2018; Zhu et al., 2016). In addition
to the operational issues of discussion forum use, concerns have also been raised about the variability in
the definition and operationalization of performance. All this speaks to the need for precise estimations of
both forum use and success so that we can better understand the conditions that are necessary or adequate
for optimizing the use of discussion forums for improved learning experiences and outcomes.

However, viewed more generally, the empirical research is equivocal about the association between
discussion forum participation and learners’ outcomes, especially with respect to which aspects of MOOC
discussions are consistently effective. Rather than merely describing MOOC discussion forum use, we
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suggest that it is crucial to better understand how learners’ participation in MOOC discussion forums is
associated with learning outcomes as a way to elaborate a theory of social network learning. We build upon
prior research in MOOC discussion forums, employing optimization theory to measure and compare the
efficiencies of discussion forums. In network theory terms, efficiency refers to how well information flows
through a network. Thus, we aim to compare network features of discussion and how they are related to
MOOC learning outcomes.

Study Purpose

Our overarching purpose is to develop learning interfaces (Duchastel, 1996) that augment human ability as
Engelbart (1962) and the early trailblazers of personal computing envisioned, wherein the distributed
intelligence can empower learners and maximize learning outcomes through online interactions. As
discussion forum activity is associated with learning, we seek to develop tools (e.g., algorithms) that
empower learning in discussion forums. In the present study, we outline an approach to the study of social
learning networks employing a convex optimization algorithm to calculate the learning benefit (network
efficiency) of social learning in MOOC discussion forums, which we call social learning optimization
analysis of networks (SLOAN). Using a comparative approach, we sought to answer the following question:
How do MOOC discussion forums compare in terms of the efficiency of their social learning networks?

Methods

Theoretical Framework

Our research is informed by socio-constructivist and social cognitive theory. A fundamental aspect of
learning resides in its social dimension—that is to say, learning is a social activity, and focusing strictly on
the individual cognitive aspect ignores how learning functions in social groups. Specifically, we appeal to
the dual processes of externalizing and internalizing learning (Vygotsky, 1986) that posit that internal intra-
cognitive processes first arise as external inter-cognitive processes before being internalized by the
individual. We also invoke the social learning behaviors of modeling—demonstrating a target skill or
behavior—and vicarious learning—learning from the experiences of others (Bandura, 1986). A MOOC
discussion forum helps users exchange information; however, it is also a social artifact that preserves the
interactions and also supports modeling and vicarious learning from others’ experiences.

Study Design

We employed SLOAN, developed by Brinton et al. (2016, 2018). In a previous study, we presented an
implementation and performed a confirmatory analysis (Doleck et al., 2021); we now report on a replication
study. As we used pre-existing data from older courses, we employed a retrospective comparative study
design.
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Data Source

We employed an open-source data set of 60 Coursera discussion forums collected and made available by
Rossi and Gnawali (2014). The anonymized data consist of the complete data set of these courses, many
having been taught many times to many sections. The sample sizes of courses (IN) range from as little as 46
to as many as 5,172. The courses cover a wide range of topics, as can be discerned by their course titles
(Table 1), but skew toward finance and science, in particular, computer science and programming.

Table 1

Coursera MOOC Data Set

Course N Total threads Total posts
‘Numerical Analysis (French) I46 '125 |843 I
Asset Pricing 170 681 3,158
Automata 290 472 3,269
Big Data and Education 423 604 5,126
Bioinformatics 580 1,191 10,245
Blended Learning 1,913 4,734 27,762
Synapse, Neurons, and Brains 1,261 1,181 17,081
Climate Literacy 636 1,105 19,222
Compilers 221 457 2,668
Computational Methods for Data

Analysis 127 193 1,135
Cryptography 310 433 4,170
Physical Sciences (Spanish) 105 121 1,464
Data Analysis 1,247 1,979 23,165
Data Science 3,928 4,802 52,927
Design 503 618 10,206
Designing Cities 788 523 10,033
Digital Media 1,732 2,562 23,245
Data Structures and Algorithms

(Chinese) 148 284 1,227
Digital Signal Processing 261 668 3,529
E-learning and Digital Cultures 480 438 7,523
Understanding Einstein 981 1,587 19,590
Finance 873 941 12,407
Networks: Friends, Money, and Bytes 68 113 627
Game Theory 355 368 5,012
Gamification 2,431 1,766 47,570
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Genomic Science

Global Warming
Human-Computer Interaction
History of Rock

Humankind

Intro to Programming (French)
Intro to Java (French)

Intro to EU Law

Intro to Psychology

Intro to Statistics

Inspiring Leadership Through
Emotional Intelligence

Linear Programming

Mathematical Methods for
Quantitative Finance

Mental Health

Machine Learning
Nanotechnology

Neural Networks

Natural Language Processing
Online Games

Organizational Analysis
Probabilistic Graphical Models

SLOAN: Social Learning Optimization Analysis of Networks

Bioinformatics: Introduction and

Methods (Chinese)

Introduction to Computing (Chinese) 418

Precalculus (Spanish)
Functional Programming
Programming 1
Programming 2
Relationships

Scientific Writing

Social Network Analysis
Startups

Statistics 1

Useful Genetics

Video Games in Learning

Lemay, Doleck, and Brinton

176 238
355 1,047
557 1,041
524 392
2,936 3,353
427 674
434 687
831 808
4,589 9,970
1,512 1,197
10447 8,482
409 776
172 196
969 2,989
4,262 5,653
504 860
817 1,368
759 1,261
882 899
2,623 2,579
464 941
238 342
873
179 317
1,042 1,622
3,042 3,590
842 1,196
1,851 2,109
1,601 1,528
545 938
5,172 6,730
2,953 2,938
443 881
1,531 9,261

2,654
7,799
9,416
9588
69,313
5,676
7,310

11,510

103,449
17,012

65,852

6,201

2,950
21,049
64,362
9,394
11,677
12,888
18,009
64,831
5,270

3,051
5,811
2,324
12,255
46,666
8,690
55,926
79,042
9,202
76,890
35,892
7,697
35,804
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Virology 769 967 11,123

Note. MOOC = Massive open online course; EU = European Union.

Instrument

SLOAN is a convex optimization algorithm (Brinton et al., 2016) that maximizes connections (equivalently
formulated as minimizing the distance) between knowledge seekers and knowledge disseminators in online
learning discussion forums subject to constraints. Convex optimization is a family of algorithms for solving
multivariate problems that are linear in their constraints. Convex graph optimization problems refer to
points that are linearly connected within a space and do not have analytic—that is, exact—solutions.
Minimums and maximums are discovered using numerical methods including gradient descent. SLOAN
uses a variant of gradient descent where the points are projected on a solution region (defined by the
constraints). In Figure 1, we observe that users’ (u) knowledge-seeking (sux) and knowledge-disseminating
(dux) behaviors on a given topic (k) can be defined as functions of users’ question-asking tendency (qu,rx).
The log term represents the diminishing returns of multiple posts (p) on a given topic (k), effectively a
penalty for multiple postings. An adjacency matrix representing user—user connections, that is, their posts
and replies, across topics is optimized using a variation of the alternating method of multipliers employing
projected gradient descent (Boyd & Vandenberghe, 2004; Brinton et al., 2016) to produce a network of
optimal connections between knowledge seekers and knowledge disseminators on specific topics.

Figure 1

Knowledge-seeking and knowledge demonstration as functions of question-asking tendency

ZpEFT_u Hp.k ) Q(p)

Zp ePry Hp,k

Qurk =

du.k :Z(l_qu.r.k)'IDg 1+ Z Ep,k'lxipl

PEPyy

Suk = Z Quer e Eﬂg 1+ Z Ep,k : |xrp|
r

PEPry

Note. Users’ (u) knowledge-seeking (sux) and knowledge-disseminating (duwx) behavior on a given topic (k) can be
defined as functions of users’ question-asking tendency (qu,rx).
Procedure

Each course’s discussion forum was analyzed using SLOAN. Data were prepared by sanitizing inputs using
the Beautiful Soup Python package to remove markup language and segmented and lemmatized using the
Stanford Natural Language Toolkit (nltk) as standard practice in natural language processing to facilitate
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the application of algorithms that rely on frequentist distributions such as topic induction. Topics were
inferred using Latent Dirichlet allocation (Blei, Ng, & Jordan, 2003). Seeking and disseminating behaviors
were calculated based on weighted averages of posting frequencies by topic. We report on three measures
of network efficiency for reliability and validity: the benefit calculated through SLOAN, the ratio of observed
and optimized eigenvalues as a measure of overall network connectedness, and the global efficiency (Latora
& Marchiori, 2001), which is a related measure of information flow through the network. Both SLOAN and
global efficiency algorithms can be considered variants of shortest path algorithms, which are used
extensively in network analysis (Dehmer & Mowshowitz, 2011).

Subsequently we compared MOOCs based on the dominating talk within the discussion forum, whether it
was subject-related or procedural talk, using simple t-tests. Forums dominated by subject-related talk and
those dominated by procedural talk were grouped based on the inferred topics. A course with a higher
prevalence of keywords such as assignment, quiz, and homework was classified as dominated by procedural
talk. A course with a higher prevalence of subject-related keywords such as "state, european, member,
union" for a course on European Union Law was classified as dominated by subject-related talk.

Results

Seeking and disseminating scores and observed and optimized social learning network efficiency (Benefit)
are presented for the following: courses with highest seeking tendency (Table 2), courses with highest
disseminating tendency (Table 3), and courses with highest network efficiency (Table 4).

As can be observed in Figures 2—5, observed and optimized social learning network efficiency (Benefit)
appears negatively related to seeking and disseminating tendency. Interestingly, we noticed an increased
disseminating tendency in humanities-oriented courses and increased seeking in science-oriented courses.
Notice how optimized benefits (on the y-axis) are a greater order of magnitude compared with observed
benefits for both seeking and disseminating tendencies across all courses. Smaller courses are grouped
among the courses with highest seeking and disseminating scores. However, larger courses, with thousands
of students, also display high disseminating tendencies, suggesting a network effect where once a course
reaches a certain size, disseminating behavior becomes more generalized and knowledge more accessible
in a positive feedback loop.

Seeking and disseminating scores differ by orders of magnitude. Interestingly, seeking behavior is much
less prevalent than disseminating behavior in MOOC discussion forums across all groups. The lower seeking
scores can be understood by the fact that seeking here is defined in terms of question posting and ignores
all the other ways individuals may seek information before resorting to asking a question in the discussion
forum (e.g., asking a classmate or the instructor directly, searching in the course materials or using a search
engine, etc.).
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Table 2

Courses with Highest Seeking Tendency

Observed Optimized

Course N Seeking  Disseminating  benefit benefit
| Networks: Friends, Money, and Bytes | 68 | 1.16E-04 | 6.7675 | 9.5269 | 246.2457 |
Numerical Analysis 46 1.08E-04 2.9393 23.9728 17.3465
Computational Methods for Data
Analysis 127 1.86E-05 0.8897  32.0250 26.2753
Physical Sciences 105 1.37E-05 1.7282  26.9862 364.8678
Digital Signal Processing 261 1.35E-05 0.9365 61.8857 908.1452
Precalculus 179 1.25E-05 1.2726 27.1547 197.1336
Asset Pricing 170 1.24E-05 0.7224 60.0251 49.7035
Compilers 221  1.09E-05 0.9093 76.1573  1,241.8557
Experimental Genome Science 176  9.40E-06 1.3903 24.4761  548.3799
Table 3

Courses with Highest Disseminating Tendency

Observed Optimized

Course N Seeking  Disseminating benefit benefit
[ [ [ | [ [ 1

2.43E-

Data Structures and Algorithms 148 06 20.2140 1.4256 2.4562
3.01E-

Introduction to Computing 418 07 11.4953 4.7747 50.8587

Writing in Sciences 1691 1.10E-07 10.9102 12.9485 302.9709
2.25E- 6,656.465

Introduction to Psychology 4589 08 9.3390 134.4230 3

Networks: Friends, Money, and Bytes 68 1.16E-04 6.7675 9.5269  246.2457
3.66E-

History of Rock, Part One 524 06 3.1643 28.5779  374.6067

Numerical Analysis 46 1.08E- 2.9393 23.9728 17.3465
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04
8.28E-
Gamification 2431 08 2.8050 32.8720 1,534.2317
Bioinformatics: Introduction and 4.81E-
Methods 238 06 2.3905 17.0457 171.7716
The Law of the European Union: An 6.60E- 3,808.690
Introduction 831 07 2.0681  64.8254 8
Table 4
Courses with Highest Network Efficiency
Observed Optimized
Course N Seeking Disseminating  benefit benefit
| T T
1.64E-
Startup Engineering 5172 08 2.04 68.15 3,250.63
2.43E-
Machine Learning 4262 08 1.41 57.09 1,901.45
2.72E-
Introduction to Data Science 3928 o8 1.38 59.11 2,520.50
3.59E-
Learn to Program: The Fundamentals 3042 08 1.18 73.08 1,020.63
4.76E-
Statistics One 2953 08 0.94 70.44 2,251.49
4.30E-
A Brief History of Humankind 2936 08 0.63 199.30 3,329.09
8.76E-
Organizational Analysis 2623 o8 1.77 56.82 1,090.97
8.28E-
Gamification 2431 08 2.81 32.87 1,534.23
Blended Learning: Personalizing
Education for Students 1913 1.78E-07 1.99 152.56 3,435.24
8.55E-
The Fiction of Relationship 1851 08 0.81 97.20 613.89
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Network Efficiency by Observed Disseminating Tendency
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Network Efficiency by Observed Seeking Tendency
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Although the correlation coefficients revealed moderate effects, the statistics were not significant, as

reported in Table 5.
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Table 5

Pearson Correlation Coefficient for Seeking and Disseminating by Network Efficiency

Ratios r t p
| Seeking/observed | —-0.2567 | -2.0927 I 1715
Seeking/optimized -0.2785 —2.2095 1482
Disseminating/observed -0.2898 —2.4091 1376
Disseminating/optimized -0.2873 -2.3845 .1399

When comparing topics across courses, we found that courses made two broad uses of discussion forums:
course-related and topic-related discussions. Some, like Blended Learning (Table 6) and Intro to European
Union Law (Table 7), present topics that are more related to the subject matter. Others present topics that
are more related to coursework. In Computational Methods (Table 8), we note an increased prevalence of
course-directed words such as assignment, lecture, Coursera, and date.

Table 6

Subject-Related Talk: Blended Learning

Topicno.  Top word associations

Words: 0.029*“assign” + 0.020*“week” + 0.020*“video” + 0.016*“post” + 0.015*“link” +
0 0.015%“cours” + 0.014*“work” + 0.013*“final” + 0.013*“submit” + 0.013*“grade”

Words: 0.036*“thank” + 0.033*“cours” + 0.017*“think” + 0.015*“learn” + 0.012*“great” +
1 0.011%“share” + 0.010*“teach” + 0.009*“student” + 0.009*“good” + 0.009*“interest”

Words: 0.019*“student” + 0.018*“agre” + 0.014*“good” + 0.012*“learn” + 0.011*“definit” +
2 0.010*“teacher” + 0.009*“like” + 0.008*“peopl” + 0.008*“chang” + 0.008*“work”

Words: 0.032*“student” + 0.029*“teacher” + 0.022*“learn” + 0.018*“time” + 0.018*“think”
3 + 0.017*“school” + 0.012*“work” + 0.010*“teach” + 0.007*“want” + 0.006*“like”

Words: 0.047*“learn” + 0.030*“student” + 0.019*“teacher” + 0.017*“blend” + 0.015*“think”
4 + 0.015%“teach” + 0.013*“onlin” + 0.013*“time” + 0.011*“cours” + 0.009*“school”

Words: 0.041%“color” + 0.041*“size” + 0.040*“font” + 0.025*“think” + 0.019*“definit” +
5 0.016%*“learn” + 0.014*“student” + 0.011*“khan” + 0.010*“like” + 0.009*“academi”

Words: 0.102*“learn” + 0.053*“student” + 0.038*“blend” + 0.016*“teacher” + 0.013**high”
6 + 0.013*“technolog” + 0.011*“qualiti” + 0.010*“person” + 0.010*“pace” + 0.009*“educ”

Words: 0.028*“learn” + 0.024*“student” + 0.020*“class” + 0.015*“technolog” +
0.013*“blend” + 0.012*“work” + 0.011*“like” + 0.011*“teach” + 0.010*“teacher” +
7 0.007*“school”

Words: 0.066*“student” + 0.018*“work” + 0.014*“learn” + 0.013*“teacher” + 0.012*“need”
8 + 0.011%“group” + 0.010*“class” + 0.008*“classroom” + 0.008*“think” + 0.008*“like”
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Words: 0.035%“learn” + 0.032*“school” + 0.027*“student” + 0.024*“teacher” +
0.018*“blend” + 0.015%“educ” + 0.011*“year” + 0.010*“work” + 0.009*“classroom” +
9 0.008*“teach”

Table 7

Subject-Related Talk: Intro to European Union Law—o001

Topic no. Top word associations

Words: 0.010%“cours” + 0.007*“state” + 0.006*“time” + 0.006*“peer” + 0.006*“think” +

0 0.005*“question” + 0.005%*“like” + 0.005*“review” + 0.005*“thank” + 0.004*“great”

Words: 0.023*“state” + 0.018*“european” + 0.016*“member” + 0.011*“union” +
0.010*“countri” + 0.008*“europ” + 0.007*“market” + 0.007*“council” + 0.007*“econom” +

1 0.006*“treati”

Words: 0.018*“languag” + 0.011*“question” + 0.009*“think” + 0.008*“answer” +
0.008*“know” + 0.008*“countri” + 0.007*“european” + 0.007*“citizen” + 0.006*“peopl” +

2 0.006*“right”

Words: 0.018*“cours” + 0.011*“question” + 0.011*“direct” + 0.010*“case” + 0.010*“answer” +

3 0.009*“thank” + 0.009*“right” + 0.007*“point” + 0.007*“like” + 0.006*“good”

Words: 0.019*“state” + 0.015*“countri” + 0.013*“member” + 0.013*“right” + 0.011*“nation” +

4 0.011%“citizen” + 0.010*“case” + 0.009*“direct” + 0.008*“articl” + 0.008*“european”

Words: 0.013*“cours” + 0.010*“think” + 0.010*“learn” + 0.008*“peopl” + 0.008*“interest” +

5 0.007*“countri” + 0.007*“good” + 0.006*“time” + 0.006*“student” + 0.005*“like”

Words: 0.008*“peopl” + 0.008*“cours” + 0.008*“direct” + 0.007*“mean” +
0.007*“european” + 0.007*“think” + 0.007*“state” + 0.007*“ukrain” + 0.006*“work” +

6 0.006*“learn”

Words: 0.028*“cours” + 0.016%“week” + 0.013*“student” + 0.013*“read” + 0.011*“thank” +

7 0.011%“time” + 0.011*“video” + 0.009*“test” + 0.009*“think” + 0.009*“quiz”

8 Words: 0.014*“cours” + 0.012*“work” + 0.011*“countri” + 0.010*“live” + 0.009*“peopl” +
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0.009*“think” + 0.008*“differ” + 0.008*“good” + 0.008*“hello” + 0.007*“time”

Words: 0.027*“thank” + 0.009*“time” + 0.007*“book” + 0.007*“cours” + 0.006*“chegg” +

9 0.006*“problem” + 0.006*“answer” + 0.005*“final” + 0.005*“download” + 0.005*“like”

Table 8

Procedural Talk: Computational Methods

Topicno.  Top word associations

Words: 0.022%“cours” + 0.017*“frequenc” + 0.014*“time” + 0.009*“transform” +
0.009*“signal” + 0.009*“data” + 0.009*“function” + 0.009*“lectur” + 0.009*“think” +

0 0.008*“right”

Words: 0.027*“thank” + 0.021*“time” + 0.019*“frequenc” + 0.018*“plot” + 0.016*“domain”

1 + 0.015%“point” + 0.011*“work” + 0.011*“grid” + 0.010*“wave” + 0.008*“number”

Words: 0.017%“matlab” + 0.014*“code” + 0.013*“imag” + 0.010*“filter” + 0.010*“slice” +

2 0.010*“problem” + 0.010*“fftshift” + 0.009*“subplot” + 0.008*“work” + 0.008*“meshgrid”

Words: 0.023*“time” + 0.014*“frequenc” + 0.014*“window” + 0.012*“cours” +
0.012*“domain” + 0.011*“answer” + 0.010*“signal” + 0.009*“function” + 0.008*“filter” +

3 0.006*“number”

Words: 0.018*“class” + 0.017*“plot” + 0.015*“forum” + 0.015*“thread” + 0.011*“coursera” +
0.011*“question” + 0.010*“compmethod” + 0.009*“thread_id” + 0.008*“like” +

4 0.008*“https”

Words: 0.019*“matlab” + 0.017*“thank” + 0.009*“valu” + 0.009*“know” + 0.009*“filter” +

5 0.008*“cours” + 0.008*“look” + 0.007*“right” + 0.007*“differ” + 0.007*“lectur”

Words: 0.024*“array” + 0.014*“plot” + 0.013*“octav” + 0.010*“like” + 0.009*“frac” +

6 0.008*“problem” + 0.007*“want” + 0.007*“line” + 0.007*“http” + 0.007*“function”

7 Words: 0.024*“frequenc” + 0.014*“nois” + 0.014*“imag” + 0.013*“signal” + 0.009*“time” +
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0.009*“https” + 0.009*“filter” + 0.008*“matlab” + 0.008*“lectur” + 0.008*“like”

Words: 0.018*“matlab” + 0.014*“valu” + 0.013*“frequenc” + 0.013*“time” + 0.011*“signal”

8 + 0.010*“like” + 0.010*“function” + 0.009*“work” + 0.009*“domain” + 0.008*“fftshift”

Words: 0.020*“plot” + 0.018*“complex” + 0.016*“valu” + 0.014*“right” + 0.013*“leav” +

9 0.011*“real” + 0.011*“time” + 0.010*“nois” + 0.010*“domain” + 0.009*“signal”

Overall, SLOAN managed to find important efficiencies in the networks, over 90% for all but the two courses
with the smallest population (< 200 students), in which global efficiency of the optimized network did not
surpass 60%, and Introduction to Computing, with a score of 83%, which was an outlier with the maximum
disseminating score of 11.50.

While SLOAN is very effective, often converging after a single iteration, it is subject to error when
optimizing learning networks where the topics are not varied enough. We note five networks where the
optimized solution was simply a fully connected network. In Table 9, we observe one such network solution
for the Compilers course, where the topics are barely differentiated. Note the repeated occurrence of the
same words across topics.

Table 9

Failed Optimization: Undifferentiated Topics, Compilers Course

Topic no. Word associations

Words: 0.014*“state” + 0.013*“cours” + 0.013*“charact” + 0.012*“compil” +
0.011*“thank” + 0.009*“string” + 0.009*“work” + 0.009*“assign” + 0.008*“error” +
g g
o) 0.008*“understand”

Words: 0.023*“class” + 0.012*“return” + 0.012*“string” + 0.012*“cool” + 0.010%“case” +
g
1 0.010*“rule” + 0.010*“type” + 0.009*“express” + 0.009*“state” + 0.009*“symbol”

Words: 0.014*“work” + 0.012*“string” + 0.011*“program” + 0.010*“cach” +
0.009*“compil” + 0.009*“languag” + 0.008*“need” + 0.007*“good” + 0.007*“thank” +
2 0.006*“know”

Words: 0.020*“cours” + 0.016*“error” + 0.010*“compil” + 0.010*“pars” + 0.009*“class”

3 + 0.009*“lectur” + 0.009*“assign” + 0.008*“test” + 0.008*“program” + 0.008*“wiki”
Words: 0.014*“error” + 0.012*“cours” + 0.011*“java” + 0.011*“class” + 0.010*“compil” +

4 0.010%“program” + 0.009*“like” + 0.009*“think” + 0.008*“rule” + 0.008*“start”
Words: 0.026*“compil” + 0.019*“cool” + 0.018*“class” + 0.018*“assign” + 0.012*“file” +

5 0.011%“program” + 0.011*“code” + 0.009*“lexer” + 0.008*“output” + 0.008*“line”
Words: 0.017*“state” + 0.014*“step” + 0.011%“class” + 0.011*“input” + 0.010*“thank” +

6 0.009*“think” + 0.009*“epsilon” + 0.008*“work” + 0.007*“script” + 0.007*“assign”

7 Words: 0.019*“class” + 0.015%“work” + 0.013*“expr” + 0.011*“code” + 0.010*“express”

111



SLOAN: Social Learning Optimization Analysis of Networks

Lemay, Doleck, and Brinton

+ 0.009*“look” + 0.009*“languag” + 0.008*“rule” + 0.008*“like” + 0.008*“method”

Words: 0.027*“thank” + 0.024*“string” + 0.014*“rule” + 0.011*“error” +
0.009*“charact” + 0.009*“problem” + 0.008*“like” + 0.008*“return” + 0.008*“match”

8 + 0.007*“token”

Words: 0.016%“express” + 0.010%“cool” + 0.010*“time” + 0.009*“string” +
0.009*“assign” + 0.008*“exampl” + 0.008*“line” + 0.008*“thank” + 0.007*“token” +

9 0.007*“like”

Finally, we compared courses where talk was dominated by procedural matters—assignment questions,

lecture notes, quizzes—with courses where the talk was dominated by subject-related matters—that is,
centered on course topics (Table 10). After removing outliers and non-English courses, we calculated the t-
statistic for both groups and found they were significantly different on seeking tendency though not on

disseminating tendency, as well as significantly different on observed and optimized network efficiency.

Table 10

Differences Between Procedural and Subject-Related Talk

t-statistic

P-value

‘Observed network efficiency

'Procedural talk 0.00E+00 0.022094755160
Subject-related talk 0.00E+00

'Optimized network efficiency I
"Procedural talk 0.00E+00 0.044738732610'
Subject-related talk 0.00E+00

ISeeking

IProcedural talk 1.00E+00 0.001951708988'
Subject-related talk 1.00E+00

I Disseminating

"Procedural talk 2.92E-01 0.552466099200 '
Subject-related talk 3.39E-01
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Discussion

We conducted a social learning optimization analysis of networks (SLOAN) in MOOC discussion forums in
60 Coursera MOOCs. We found that MOOC forums differ in terms of the optimization potential. Courses
with smaller enrollment numbers appear to struggle more with generating enough discussion and
connecting knowledge seekers with knowledge disseminators. However, we find that networks of all sizes
can be optimized to improve their overall efficiency. Most interesting of all, we find that subject-related-
talk-dominated discussion forums and procedural-talk-dominated discussion forums are significantly
different in overall network efficiency and seeking tendency, but not in disseminating tendency.

It is striking how seeking tendency is orders of magnitude lower than disseminating tendency. This is
possibly due to the nature of the discourse in the discussion forums, where learners are sharing information
but not necessarily engaging extensively and collectively in discussion but rather are engaging in smaller
sporadic exchanges. It may also be because knowledge seeking and knowledge disseminating are functions
of question-asking tendency; this ignores the many other ways that knowledge-seeking behavior can
manifest itself in a forum, such as composing a search query or simply reading through posts. Indeed,
researchers have demonstrated that a range of online discussion behaviors are associated with differential
learning outcomes (Almatrafi & Johri, 2019; O’Riordan et al., 2020; Wise et al., 2014). As one of the few
studies of a larger sample of MOOC forums (Rossi & Gnawali, 2014), we find that these differences can be
explained in part by the different uses made of discussion forums for MOOC learning. Wise and colleagues
(Wise, 2018; Wise et al., 2017) have compared course-related and non-course-related discussion in MOOC
discussion forums. They did not find significant differences in learning outcomes based on their analysis;
however, they admitted this could be due to their analytical scheme. In contrast, we found significant
differences in disseminating behavior between courses with a greater focus on subject versus procedural
talk in the MOOC discussion forums.

Social network analysis has been applied extensively to the study of online learning (Jan et al., 2019).
However, much of this research has not considered the quality of connections in social graph, such as,
assessing the informativeness of the connections in a social learning network; although interaction patterns
are quite variable and are not all equally conducive to learning (O’Riordan et al., 2020; Wise et al., 2017).
Our study shows that content and connections can be reconciled, and these complex, multivariate
interactions can be modeled and optimized using advanced numerical techniques. Integrating social
learning analysis with content analysis in such a fashion provides quantitative tools for studying and
augmenting social learning in technology-supported environments in the wild.

Implications

In the present study, we have argued for conducting educational technology research in the learning
interface (Duchastel, 1996), that is, developing algorithms and technologies that augment human
intellectual activity (Engelbart, 1962) through responsive and adaptive tools that support and extend our
abilities. We have presented a novel approach to conducting educational technology research using
optimization theory to maximize learning through online discussion forums. We believe that optimization
research holds much promise for the field of educational technology and distance/online learning research.
It aligns with the design experimentation ethos (Brown, 1992; Cobb et al., 2003) as it is also concerned with
improving teaching and learning through iterative innovation. It is suited to constructivist-based research
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(Lemay & Doleck, 2020) with its sociocultural focus on tools as social artifacts and its central place in
human social activity (Gee & Green, 1998). Optimization theory is being applied to improve tools and
methods in data-intensive disciplines such as neuroscience, where it is helping to improve neural interfaces
(Fathima & Kore, 2021). As we have shown, optimization theory can also help improve the learning
interface. Online and distance learning have well-established research traditions and well-developed
instructional theories such as communities of inquiry (Garrison & Akyol, 2012) and computer-supported
collaborative learning (Koshmann, 2011). Interface tools like SLOAN can help improve knowledge sharing
and discovery in online learning platforms.

The current study also has implications for discussions in other settings and contexts beyond MOOCs. Such
an optimization algorithm can be applied to any information tool that incorporates knowledge-sharing
mechanisms, such as Slack or Microsoft Teams in the workplace, to help support knowledge discovery and

synergy.

Limitations

The present study is limited by its use of a convenience sample; however, we believe that this is mitigated
by its range and its relative size, considering most studies consider few forums in their investigations. This
study is also limited by its quasi-experimental nature. We did not conduct an experiment and cannot
conclude any causal relationships; however, we believe this exploratory research shows SLOAN’s potential
for interventionist study and particularly the potential benefits of SLOAN for social learning in online
discussion forums in general and in MOOCs in particular. Given the unequal distribution of courses in our
convenience sample, we did not make disciplinary comparisons. However, it is possible that disciplinary
features led to systematic differences in discussion forum uses.

Conclusions and Future Directions

Online social learning is quickly becoming an indispensable part of learning at every stage and in every
environment, from schools to workplaces and into our daily life. The Internet is a great repository of
knowledge, but it is primarily a tool for leveraging our collective wisdom. This has been facilitated by
specialized knowledge-sharing forums for particular user communities, such as StackExchange and
StackOverflow, and by more general knowledge-sharing platforms, such as Quora for questions and
answers and Reddit for interest groups. However, the creation of filter bubbles (Turkle, 2010) has shown
the dangers of ill-moderated online discussion. We believe that the best way to counter misinformation and
intolerance is through discussion for knowledge and perspective sharing. Tools that can optimize social
learning online can have multiplicative effects: as people learn to harness the power of online social learning
networks, their agency is increased and potentials are extended (Bandura, 2001). Given the polarized
landscape and the poor level of much online discourse, fostering better online discourse appears to be a
moral imperative.
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Abstract

The COVID-19 pandemic induced a digital transformation of education and inspired both instructors and
learners to adopt and leverage technology for learning. This led to online learning becoming an important
component of the new normal, with home-based virtual learning an essential aspect for learners on various
levels. This, in turn, has caused learners of varying levels to interact more frequently with virtual resources
to supplement their learning. Even though virtual learning environments provide basic resources to help
monitor the learners’ online behaviour, there is room for more insights to be derived concerning individual
learner performance. In this study, we propose a framework for visualising learners’ online behaviour and
use the data obtained to predict whether the learners would clear a course. We explored a variety of binary
classifiers from which we achieved an overall accuracy of 80%—85%, thereby indicating the effectiveness of
our approach and that learners’ online behaviour had a significant effect on their academic performance.
Further analysis showed that common patterns of behaviour among learners and/or anomalies in online
behaviour could cause incorrect interpretations of a learner’s performance, which gave us a better
understanding of how our approach could be modified in the future.

Keywords: social network analysis, machine learning, binary classifiers, supervised and ensemble
learning algorithms, virtual resources interactions, learners’ academic performance
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A Learning Analytics Approach Using Social Network Analysis and
Binary Classifiers on Virtual Resource Interactions for Learner
Performance Prediction

Virtual learning environments (VLE) have replaced physical classrooms in various institutions and have
been widely adopted by instructors and learners of various levels worldwide due to the COVID-19 pandemic.
The resources provisioned by course providers and/or instructors in these environments are used to
supplement learners’ learning and/or assess their understanding of the course material they have been
taught up to a certain point in time. Virtual resources contribute to a learner’s academic performance in
educational institutions worldwide. Therefore, learners’ behaviour within an online environment, for
example, how they interact with such virtual resources, could help us study whether any correlation exists
between their online activity and their performance in a course. Learning behaviour can be examined with
the application of big data techniques to promote learner success (Khor and Looi, 2019). Hence, the purpose
of this study was to model the behaviours of learners in a VLE and explore whether we could leverage big
data techniques and use learners’ interactions with virtual learning resources to predict whether a learner
is successful in clearing a course, thereby helping us to understand how their behaviour in a virtual
environment affects their academic achievement.

Social network analysis (SNA) is a means to examine social structures with the aid of networks and graph
theory (Grunspan et al.,, 2014; Otte & Rousseau, 2002). The structures, commonly referred to as
sociograms, are analysed with nodes as points, representing people or other entities of interest in the
network, and ties or edges as lines, which are usually relationships or interactions between the entities. This
method of visualising social structures allows us to quantitatively and qualitatively analyse them to derive
valuable insights. SNA has been applied in education research to examine how learners form relationships
through learning and how these relationships affect their learning outcomes. For example, SNA has been
applied to understand the structure of the study networks formed between learners in an undergraduate
class and how it could ultimately influence individual learners’ academic performance (Grunspan et al.,
2014). On the other hand, Rabbany et al. (2012) have applied SNA to understand learner interactions where
social mining and other SNA techniques were exploited to discover structures in the network graphs
generated from the manner and content of interactions between the learners. The study provides instructors
with insight to better visualise the interactions among the learners, have a better understanding of the main
influencers, and give them a better understanding of learner participation, especially with courses that rely
on virtual resources.

Chung and Paredes (2015) have developed a social network model for online learning and performance.
The authors analysed social learning in an e-learning environment and used SNA to demonstrate how the
properties of a learner’s social network, along with the learner’s contribution towards the learning of others
and the content of their contribution, impact the learning and performance of others. Meanwhile,
Dragulescu et al. (2015) make use of various tools to query the social interactions from various data sources
and run SNA on the queries to show it can be used to model the interactions using data from a pool of
resources.
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A study conducted by Saqr et al. (2018) shows how online interaction data can be collated and processed in
order to use SNA to study how collaboration between peers in a course influences performance.
Furthermore, Rakic et al. (2018) explore how SNA can be used to study and analyse the use of virtual
resources on an e-learning platform to find vital indicators of learner performance in different courses.
Rakic et al. (2019, 2020) further developed this study by using SNA with other machine learning methods.
In all these studies, the use of resources on the e-learning platform was found to contribute significantly to
a learner’s performance.

Learning analytics, along with machine learning, has been applied to an assortment of institutions’ VLE
data to help predict learner performance and understand factors affecting it. Koza et al. (1996) and Mitchell
(1997) describe machine learning as the construction and usage of algorithms that leverage data to make
predictions or decisions and improve performance in the automation of specific tasks.

The most basic approaches in machine learning make use of either supervised or unsupervised learning.
For predictive tasks or data classification, supervised learning makes use of labelled data to train algorithms
to learn how to predict outcomes or classify the data, while unsupervised learning finds patterns within
unlabelled data to learn how to cluster or split the data into different groups. Ensemble techniques in either
supervised or unsupervised learning use various learning algorithms to improve predictive or classification
performance compared with that obtained with just a single supervised or unsupervised learning algorithm.
The machine learning approach to be used in a task is based on the objective and the data that has been
made available.

Wolff et al. (2013) have leveraged learning analytics methods to develop models to predict at-risk learners
based on their behaviour within VLEs and their demographic data. Al-Azawei and Al-Masoudy (2020) have
also developed a predictive model that used behavioural data from VLEs along with assessment scores and
demographic data to predict academic performance. Clickstream data from the VLE can also be used to
predict at-risk learners with the application of deep learning techniques (Waheed et al. 2020).

Rivas et al. (2021) employ machine learning to understand the key factors behind a learner’s performance,
while Agudo-Peregrina et al. (2012) use learning analytics to study the different types of interactions within
a VLE and how each type of interaction influences the academic performance of the learners. Mariame, et
al. (2021) also show how machine learning can be used to find the best features for predicting learner
performance; de Barba et al. (2016) use learning analytics and data mining to show how motivation and
participation were key contributors to learners’ performance in an online course.

Sekeroglu et al. (2019) combine educational data mining and machine learning algorithms to effectively
predict and classify the academic performance of learners. The results of the study indicate that
performance can be improved by experimenting with different types of features and algorithms. Albreiki et
al. (2021) also use these techniques on data from e-learning platforms to study how effective it is in
identifying learners who need assistance and/or who had the potential to drop out.

SNA, together with educational data mining, has also been leveraged to assess how learner interactions
through various communication networks impacted learning as well as performance. For example,
Mastoory et al. (2016) focus on the impact of communication and behaviour networks and how they affect
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a learner’s academic performance. Their study also shows how communication networks play a vital role in
predicting a learner’s performance.

Although all these studies have shown how SNA and machine learning have been used individually to
analyse and/or predict learner behaviour, more could be done to demonstrate how beneficial it would be to
combine both techniques. This may not only help us effectively predict learner academic performance but
also potentially give us more insights into what factors influence learner performance. Therefore, this
study’s aim was to apply and examine the efficacy of a framework where SNA is applied to visualise and
analyse learners’ interactions with virtual resources in the Open University Learning Analytics Dataset
(OULAD; Kuzilek et al., 2017), and the insights obtained from it are used to predict learners’ academic
performance with the application of machine learning techniques. With the suggested framework, in which
SNA and machine learning are combined, we have attempted to explore the factors that may have been
integral to learner performance based on VLE behaviour.

Research Methods

The main research processes that were undertaken in this study are summarised in Figure 1. Data
exploration and visualisation were conducted to obtain information about the learners, the courses they
enrolled in, and the virtual learning resources they accessed for each course they were enrolled in. Social
network graphs were constructed depicting the online behaviour of each learner before computing the
centrality values chosen for each node in the graph. Data preprocessing was then conducted to assign the
binary labels graduated and did not graduate to each learner based on their final grade (Table 1). Finally,
we trained and tested binary classifiers with the data we had prepared using supervised and ensemble
learning algorithms to predict whether a learner was able to successfully clear a course. The machine
learning technique was used not only to compare the performance across all classifiers but also to gain more
insights via the analysis of each classifier’s performance in the prediction task to find out the common
behavioural aspects of learners that adversely affected prediction performance across all classifiers.
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Figure 1

Main Research Processes
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Table 1

Assignment of Class Labels to the Final Result

Final result Class label
Distinction, pass Graduated
Withdrawn, fail Did not graduate

Description of Data Set

The publicly available anonymised OULAD was used in this studys; its structure is illustrated in Figure 2. It
primarily contains information about the learners from seven different courses, their activity within the
VLE, and the assessments they completed for each course in 2013 and 2014. The data also contain their
achieved results for the course. There are two semesters or presentations for each year, which commenced
in February and October, and are labelled B and J, respectively. Some courses offered in B may not be
offered in J, and vice versa. Details about the data contained in each of the seven records found in the data
set are displayed in Figure 3, and Figure 4 presents an overall summary of learner demographics and
backgrounds.
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Figure 4

Summary of Learner Demographics and Backgrounds

Gender 20138 2013) 2014B 2014) Age band 20138 2013) 2014B 2014)
Male 2,295 4,645 4,436 6,499 0-35 3,262 6,216 5,581 7,885
Female 2,389 4,200 3,368 4,761 35-55 1,402 2,566 2,187 3,278
55 and older 20 63 36 97
Highest education 20138 2013) 2014B 2014) Disability 20138 2013) 2014B 2014)
A level or equivalent 2,011 3,786 3,331 4,917 No 4,221 7,99 7,029 10,183
HE qualification 632 1,195 1,123 1,780 Yes 463 849 775 1,077
Lower than A level 1,957 3,715 3,153 4,333
No formal qualifications 52 85 97 113
Postgraduate qualification 32 64 100 117
IMD band 20138 2013) 2014B 2014) Region 20138 2013) 2014B 2014)
0-10% 506 883 818 1,104 East Anglian region 493 872 813 1,062
10-20% 505 972 841 1,198 East Midlands region 306 637 605 817
20-30% 562 931 909 1,252 Ireland 184 347 211 442
30-40% 517 967 855 1,200 London region 521 803 812 1,080
40-50% 469 893 747 1,147 North region 273 464 448 638
50-60% 451 862 708 1,103 Northwestern region 402 808 738 958
60-70% 399 777 686 1,043 Scotland 380 904 781 1,381
70-80% 408 805 662 1,004 Southeast region 288 579 495 749
80-90% 348 757 697 960 South region 437 847 772 1,036
90-100% 342 731 609 854 Southwest region 350 638 569 839
Wales 312 576 445 1
West Midlands region 395 709 623 855
Yorkshire region 303 561 492 650

Note. HE = higher education; IMD = indices of multiple deprivation.

Besides identification code, domain, and course length, no further information regarding the structure or
contents of the course was provided in the data set. Furthermore, as our study is based on how a learner
behaved within a VLE, our analysis of the data set showed that the only behavioural features recorded were
the virtual resources a learner accessed and the number of clicks made within that resource on a given date.
As the latter was not indicative of how the learner was interacting with the resource, and no data were given
about the content of the resource, we did not include the number of clicks as a behavioural feature to avoid
interpreting it incorrectly.

Each course in each presentation will have a separate VLE, in which a variety of virtual resources will be
made available to supplement learners’ learning and also to assess their understanding of the course
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material. These resources can be in the form of Hyper Text Markup Language (HTML) pages, Portable
Document Format (PDF) files, or some other form of media. A basic summary of the courses, the learners
in each course, and virtual resources in the VLE for each course across all presentations are presented in
Table 2. The courses were not offered if they had zero learners and resources in a particular presentation.

Table 2

Number of Learners and Virtual Resources per Course (in Each Semester or Presentation)

Course Domain 2013B 2013J 2014B 2014J
Virtual Virtual Virtual Virtual
Learners Learners Learners Learners
resources resources resources resources
Social
AAA sciences 0 0 378 209 0 0 357 197
Social
BBB sciences 1,537 315 1,870 320 1,204 311 1,921 206
CcCC STEM o} 0 o) o} 1,681 180 2,302 220
DDD STEM 1,214 408 1,768 456 1,116 447 1,647 361
EEE STEM o} 0 964 107 624 104 1,097 110
FFF STEM 1,510 500 2,098 526 1,363 475 2,121 449
Social
GGG sciences o} 0 895 137 7793 124 698 106

Note. STEM = science, technology, engineering, and mathematics.

Data Preprocessing and Visualisation

Data preprocessing was carried out to ensure the data set had binary labels to learn from and predict before
we trained a binary classifier. This was conducted by labelling learners who achieved a distinction or pass
the result as graduated and those who got a final result of fail or withdrawn as did not graduate. The virtual
resource node’s centrality values were then computed and used to predict learners who did and did not
graduate.

Figure 5 illustrates the percentage of graduated and nongraduated learners for four different presentations:
2013B, 2013J, 2014B, and 2014J. More learners were able to graduate in 2013B compared with 2014B, and
more learners were able to graduate in 2013J compared to 2014J.
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Figure 5
Graduating Versus Nongraduating Learners per Presentation
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Figure 6 shows a detailed breakdown of the proportion of graduating and nongraduating learners for each
course in each semester. Courses BBB, DDD, and FFF had higher numbers of nongraduating learners in
both presentations in 2013. The inclusion of the course CCC seemed to cause a spike in the overall number
of nongraduating learners; it had the highest proportion of nongraduating learners compared with the other
courses in 2014. In both 2013 and 2014, courses AAA, EEE, and GGG had more learners graduating.

Figure 6

Graduating Versus Nongraduating Learners for Each Course in Each Presentation

20138 & proportions in each module 2013) & in each module
5% 75
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Data Analysis and Results

In this study, SNA was used to analyse learners’ online behaviour via their interactions with virtual
resources in the course they were enrolled in. Due to course CCC’s influence on the nongraduating
population in both semesters in 2014, and because course GGG had more learners who graduated in these
semesters, we chose to focus on predicting the performance of learners enrolled in these courses (CCC and
GGG) in 2014 observe whether they would differ in terms of prediction performance.

Each learner has an undirected social network graph that depicts the unique resources a learner accessed
for the entirety of a course. A black node is used for the learner while resource identification numbers are
used to indicate which virtual resources the learner accessed. The edges in the network represent the learner
accessing the virtual resource at least once in the course and are weighted based on the number of times
the learner accessed that particular virtual resource for the duration of the course.

The social networks were constructed in this manner as we opted to visualise the learners and virtual
resources as entities of the same type, among which there is an exchange of information from both sides.
Nevertheless, we could not draw any edges between any two resources in the social networks we had
constructed, and we also could not construct a social network dedicated to the resources as no information
was provided on whether the resources interacted with each other. Furthermore, we could not construct
social networks to visualise and observe these as no records were provided in the data set about interactions
between learners or information related to forum discussions.

A summary of the learner population, the number of virtual resources in the course’s VLE for the semester,
and data related to the social networks for each course we focused on are presented in Table 3.

Table 3

Summary of Data for Social Networks of Each Learner in Courses CCC and GGG in 2014

Variable CCC_2014B CCC_2014J GGG_2014B GGG_2014J
Learners 1,681 2,302 773 698
Virtual resources 180 220 124 106
Social networks constructed 1,681 2,302 773 698
Min. number of nodes 1 1 1 1

Max. number of nodes 181 221 125 107
Min. number of edges 0 0] 0 0

Max. number of edges 180 220 124 106

After we constructed the social networks for each learner in courses CCC and GGG, of which some examples
are shown in Figure 7, we computed the degree centralities for each network. Golbeck (2013) defines degree
centrality as the number of edges a node has or the number of nodes a node is linked to. Degree centrality
was employed based on the aim of our study, which was to analyse how a learner’s interaction with virtual
resources in a VLE affects their performance.
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Figure 7

Samples of Constructed Social Networks Depicting Resources a Learner Interacted With

.

e

Based on the computed degree centralities of each network, we observed that all learners had a constant
centrality value as they only have edges linking their nodes to the course nodes. Depending on the number
of nodes in the social network graph, all virtual resources a learner access will approximately have the same
centrality value, as there is only one edge linking each virtual resource node with a learner and no edges
between any virtual resource nodes. The overall distribution of the virtual resource degree centrality values
for the entire course cohort is shown in Figure 8, and the distributions of the virtual resource degree
centrality values for the learners who graduated and did not graduate for courses CCC and GGG are

displayed in Figures 9 and 10, respectively.
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Figure 8

Distribution of Degree Centrality for Entire Learner Cohort in Courses CCC and GGG in 2014
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Figure 10

Distribution of Degree Centrality for Graduating and Nongraduating Cohorts in Course GGG in 2014
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The distributions in Figures 9 and 10 indicate that virtual resource access does not seem to be a key
contributor to the differences between the graduating proportions of students in courses CCC and GGG.
Furthermore, Figure 8 shows that the distribution of the virtual resource degree centrality values for both
courses in both semesters are similar; with the mean degree centrality values ranging between 0.058 and
0.065.

By comparing the range of values in each distribution shown in Figures 9 and 10, we found that the virtual
resource degree centrality values for learners who graduated had a narrower range compared with those of
learners who did not graduate, regardless of the course they were enrolled in. This could be due to
differences in the total virtual resources accessed by the learners in either group for the duration of the
courses, which can be observed in the differences between the distributions of the total number of virtual
resources accessed (Figures 11, 12).
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Figure 11

Distribution of the Total Number of Virtual Resources Accessed for Graduating and Nongraduating
Cohorts in Course CCC in 2014
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Figure 12

Distribution of the Total Number of Virtual Resources Accessed for Graduating and Nongraduating
Cohorts in Course GGG in 2014
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As the main focus of this study was the binary classification of learners who did or did not graduate, we
trained a variety of binary classifiers that employed either supervised learning or ensemble learning in the
scikit-learn Python library. For each course in each presentation, training and test data sets consisting of
the degree centrality values along with the labels for the learners’ final performance were used to train and
test the binary classifiers.

Using Degree Centrality Values to Predict Learner Performance

Table 4 summarises the accuracy obtained with the training and test data sets for each course. The binary
classifiers we had trained performed well with the virtual resource degree centrality values as features; the
accuracy we obtained with them was primarily at least 80% for both the training and test sets. No disparity
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existed in accuracy between the supervised learning classifiers and the ensemble learning classifiers.

However, the accuracy for the CCC_2014J test set was the poorest (around 70%—72%) for most of the

ensemble learning methods.

Table 4

Binary Classifier Accuracy (%)

Classifiers CCC_2014B CCC_2014J GGG_2014B GGG_2014J
Train Test Train Test Train Test Train Test

Logistic regression 83.41 84.87 80.07 80.91 84.47 81.94 84.95 82.86
K-nearest neighbours 84.52 77.74 80.23 80.04 83.82 83.87 86.56 80.00
Support vector machines  83.41 85.46 80.45 80.69 85.60 83.87 86.02 82.86
Decision tree 84.75 80.12 82.07 71.58 85.92 78.71 87.28 81.43
Bagging classifier 83.93 80.12 81.64 70.72 85.60 84.52 86.92 81.43
AdaBoost 84.75 81.01 81.10 70.50 85.92 84.52 87.28 82.14
Random forest 84.75 81.60 81.91 71.37 85.92 85.81 87.28 81.43
Voting classifier 84.67 81.01 81.75 81.34 85.60 83.23 86.92 81.43

To further analyse which label predictions had impacted the accuracy of the classifiers, we analysed the

precision, recall, and F1-score of each classifier for each label in courses CCC and GGG, which are displayed

in Tables 5 and 6, respectively. These performance metrics further support the fact that the degree centrality

features perform well in predicting a learner’s performance. Nevertheless, most of the classifiers reflected

poor recall for learners who graduated from course CCC (63%—75%) and learners who did not graduate
from course GGG (60%—71%).

Table 5
Classification Report for Predicting Performance in Course CCC with Virtual Resource Degree
Centralities
Classifier Label CCC_2014B CCC_2014J
P;"Erclls Recall Fi-score  Precision Recall F1-score
(%) (%) (%) (%) (%) (%)

. . . Did not graduate  89.08 82.89 85.87 93.94 70.99 80.87
Logistic regression Graduated 80.37 87.33 83.71 71.10 93.97 80.95
K-nearest Did not graduate 77.45 84.49 80.82 89.35 73.66 80.75
neighbours Graduated 78.20 69.33 73.50 71.84 88.44 79.28
Support vector Did not graduate = 90.12 82.89 86.35 93.03 71.37 80.78
machines Graduated 80.61 88.67 84.44 71.15 92.96 80.61

.. Did not graduate  78.04 89.30 83.29 73.82 77.48 75.61
Decision tree Graduated 83.74  68.67  75.46 68.28 6382 6597

. . Did not graduate ~ 80.61 84.49 82.51 73.43 75.95 74.67
Bagging classifier Graduated 79.43 74.67 76.98 66.84 63.82 65.30
AdaBoost Did not graduate 79.15 89.30 83.92 73.86 74.43 74.14

Graduated 84.13 70.67 76.81 65.99 65.33 65.66
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Classifier Label CCC_2014B CCC_2014J
P;srclls Recall Fi-score  Precision Recall F1-score
%) (%) (%) (%) (%) (%)
Did not graduate ~ 80.19 88.77 84.26 74.07 76.34 75.19
Random forest Graduated 83.85 72.67 77.86 67.54 64.82 66.15
. . Did not graduate  80.60 86.63 83.51 91.90 73.66 81.78
Voting classifier Graduated 81.62 74.00 77.62 72.51 91.46 80.89
Table 6
Classification Report for Predicting Performance in Course GGG with Virtual Resource Degree
Centralities
Classifier Label GGG_2014B GGG_2014J
Precision Recall Fi-score  Precision Recall F1-score
(%) (%) (%) (%) (%) (%)
Did not 100.00 60.56 06 8
Logistic regression graduate ) 5 75-44 97 5593 73:33
Graduated 75.00 100.00 85.71 78.30 98.81 87.37
Did not
K-nearest neighbours graduate 97:92 66.20 7899 85.00 60.71 70-83
Graduated 77.57 98.81 86.91 78.00 92.86 84.78
Support vector Did not 97.92 66.20 78.99 94.44 60.71 73.91
machines graduate
Graduated 77.57 08.81 86.91 78.85 97.62 87.23
Did not
Decision tree graduate 75.68 78.87 77.24 82.61 67.86 74.51
Graduated 81.48 78.57 80.00 80.85 90.48 85.39
Did not 2 1.8 8o 85.71 64.2
Bagging classifier graduate 9273 7183 95 57 429 73-47
Graduated 80.00 95.24 86.96 79.59 92.86 85.71
Did not
AdaBoost graduate 92.73 71.83 80.95 86.05 66.07 74.75
Graduated 80.00 95.24 86.96 80.41 92.86 86.19
Did not
Random forest graduate 92:98 7465 82.81 85.71 64.29 7347
Graduated 81.63 95.24 87.91 79.59 92.86 85.71
Did not 8 6 8571 64.2
Voting classifier graduate 97:7 +79 77-97 57 429 73-47
Graduated 76.8% 98.81 86.46 79.59 92.86 85.71

To identify what contributed to poor recall for the groups in courses CCC and GGG, we compared the

distribution of the virtual resource degree centrality values of the wrongly classified learners in each group

and also the distributions of the total number of virtual resources these learners accessed (Figures 13—16).

By comparing these distributions together with those in Figures 9—12, we found that most of the learners
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who were misclassified had virtual resource degree centrality values that were clustered around a particular
range for both the graduating and nongraduating cohorts. Furthermore, the findings revealed that some
learners who were wrongly classified had virtual resource degree centrality values that rarely occurred. All
clusters and rare values of centrality values we observed are shown in Table 7.

Figure 13

Distribution of Virtual Resource Degree Centralities for Wrongly Classified Learners in Course CCC in
2014
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Figure 14

Distribution of Virtual Resource Degree Centralities for Wrongly Classified Learners in Course GGG in
2014
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Figure 15

Distribution of the Total Number of Virtual Resources Accessed for Wrongly Classified Learners in

Course CCCin 2014

Figure 16
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Table 7

Clusters and Rare Values Observed in Wrongly Classified Data

Variable CCC_2014B CCC_2014J GGG_2014B GGG_2014J
Clusters Rare Clusters Rare Clusters Rare Clusters Rare
values values values values
Virtual
resource 0.01— 0.007, 0.01— < 0.008, 0.018— 0.02—
0.056 0.05, 0.1
degree 0.040 0.067 0.026 > 0.04 0.05 0.05
centrality
Total number
of virtual 24—-100 15, 142 30—-100 < 30 20-55 18 20—-50 9,18, 19
resources > 125
accessed
Discussion

The chosen binary classifiers on the virtual resource degree centrality values are trained and tested, and we
obtained an accuracy of 80%—85% on the test set of both courses across most of the binary classifiers. The
overall level of performance we observed appears to be promising and encouraging.

Our analysis of the classifiers’ performance shows that the accuracy for the test set of CCC_2014 was poorest
for most of the ensemble learning methods compared with the other course cohorts, and when the metrics
for each classifier were compared and analysed, most of the binary classifiers performed rather poorly in
recall for learners who graduated from course CCC and learners who did not graduate from course GGG.
Our initial assessment was that the classifiers would have been unable to classify some learners in the
graduating and nongraduating cohorts because of inconsistencies in their virtual resource degree
centralities.

We derived insight from analysing the distribution of the virtual resource degree centralities together with
the distribution of the total resources accessed by learners who were wrongly classified. The binary
classifiers we employed in this study were not able to separate clusters due to common behaviours among
the graduating and nongraduating cohorts into the different groups of learners they consisted of during the
training of each classifier, and there were very few instances of the rare centrality values to be trained upon.
Therefore, the binary classifiers, regardless of whether they were based on supervised or ensemble learning,
faced difficulties in classifying learners who had such virtual resource degree centrality values.

A limitation of our study is that the machine learning classifiers were unable to correctly predict whether
some learners would or would not graduate due to anomalies in their online behaviour. If more data were
available related to how a learner had interacted with a virtual resource and/or the amount of time spent
with/on it, as well as more data indicative of the actual content in a resource, we would have been able to
incorporate them into the construction of the social networks for a more accurate depiction of a learner’s
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online behaviour, and the classifiers could have distinguished and predicted learners who graduated from
those who did not. Such data could also provide more insights into factors affecting learners.

Conclusion

In this study, we attempted to predict learners’ academic performance based on their interactions with the
resources provided in a course’s virtual learning environment. SNA was performed to obtain the degree
centrality of the virtual resources that learners interacted with. Using the virtual resource degree centrality
value for each learner, supervised learning and ensemble learning binary classifiers were leveraged to
predict whether a learner would graduate from a course.

The overall accuracy we obtained with the chosen binary classifiers on degree centrality values is promising.
The performance metrics for all classifiers revealed that the virtual resource degree centrality value is a
viable feature to predict learner performance, which further implies that learners’ interactions with virtual
resources have a significant effect on their performance. This was true for both the courses we focused on
in this study despite the differences in the proportions of graduating and nongraduating cohorts.

Instructors and course facilitators may make use of our framework to monitor a learner’s learning based on
their interactions with virtual resources at any point in the course, especially the SNA component, to help
them visualise and understand a learner’s online behaviour. The social network depicting the online
behaviour of each learner is straightforward to understand, and instructors will be able to detect learners
who are falling behind based on the size of their social network compared with other learners. This, coupled
with data related to the learner’s session activity with each virtual resource they interacted with, would
greatly assist in promptly providing early intervention and support to learners who are performing below
average. With more comprehensive data about resources and how learners interacted with them, the
perspective of social networks may be shifted to better understand how learners are interacting with each
resource and whether a learner is facing any difficulty with a resource based on their behaviour with it (e.g.,
less or more time spent on a resource compared with other learners, unusual interaction with a resource).

In addition, by leveraging machine learning to predict learner performance, instructors and course
facilitators will be able to analyse and gain in-depth insights about common learner behavioural traits or
anomalous behaviour in the past and how these affected learners’ performance. At-risk learners could be
identified early, and in-time intervention provided. Eventually, the success of a course could be improved,
and subsequently, dropout risk could be reduced.

Our study primarily focused on implementing a framework for visualising the online behaviour of learners
in courses that heavily rely on virtual environments to disseminate knowledge and assess the understanding
of each learner. We also demonstrated that data derived from analysing learners’ online behaviour can be
used to predict whether learners can successfully complete a course. With the performance scores we
obtained with our framework, along with the insights we gained into the gaps in our predictive models, we
have gained a good idea of what works and what can be done to improve the predictive models.

142



A Learning Analytics Approach Using Social Network Analysis and Binary Classifiers
on Virtual Resource Interactions for Learner Performance Prediction
Khor and Dave

In the future, we seek to improve the prediction models’ performance by using a range of final result values
instead of categorical labels to overcome the clustering in the virtual resource node centrality values among
graduating and nongraduating learners. Further work may also include examining which virtual resources
contribute most to a learner’s performance. Finally, we aim to apply the proposed framework to other
education-related data sets with more data on how students interacted with each other to better understand
how this interaction affects their learning.
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Abstract

This study assessed students’ level of satisfaction with the quality of student support services provided by
an open distance e-learning (ODeL) university in Ethiopia. The target population was doctoral students
who had been registered at the ODeL university for more than a year. To conduct a quantitative
investigation, data were collected by means of a 34-item six-dimensional standardized questionnaire. Data
analysis methods included linear as well as stepwise regressions. Using the gaps model as the theoretical
framework, findings showed that the doctoral students were dissatisfied with four aspects of the student
support services, namely supervision support, infrastructure, administrative support, and academic
facilitation. In contrast, students were satisfied with the corporate image (reputation) of the ODeL
university. For this ODeL university to play an effective role that coheres with the country’s socio-economic
development plan, more attention should be given to the provision of supervision support, as there was
strong dissatisfaction with this. The university could also build on or leverage aspects of their corporate
image, for which there was strong satisfaction. Doing so will help the university make ongoing contributions
and strengthen its commitment to the field of higher education and human capacity development in
Ethiopia.

Keywords: doctoral students, gaps model, ODeL, satisfaction, service quality, student support
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Open Distance and e-Learning: Ethiopian Doctoral Students’
Satisfaction with Support Services

The socio-economic developmental goals of countries around the world are realised through the continued
growth of human resource capacity. The higher education sector has a decisive role to play, especially as its
contribution to human capital development, which is expected to bring about positive and meaningful
changes in countries’ socio-economic conditions (Van Deuren et al., 2016). In its effort to achieve the United
Nations’ Sustainable Development Goals (UN SDGs), the government of Ethiopia emphasised human
capital development as one of its key strategies. The government has been working towards ensuring the
availability of requisite human resource and skills capacity at all levels of expertise. The Ethiopian National
Science Policy and Strategy identifies human capacity development “as a major driving force for the
progress and advancement of a nation” (Ministry of Science and Higher Education [MoSHE], 2020b, p. 18).

For Ethiopia to become “the African Beacon of Prosperity by 2030” (MoSHE, 2020a, p. 10), higher
education will be on the frontier of development. In this regard, the Ethiopian Ministry of Science and
Higher Education has been working aggressively towards producing 5,000 PhDs within five years (2021—
2025). This plan called for universities to work collaboratively, sharing resources to support doctoral
students. The facilities needed for PhD studies can be enriched through the development of partnerships,
as well as networking with local and international academic and research institutions. Experts from
industry, academia, and the diaspora should form part of the supporting structure. These plans were
intended to meet the national reform objectives in which doctoral education has a role to play. In turn,
doctoral graduates were expected to have a strong impact on the socio-economic development of Ethiopia
by contributing towards an improved standard of living for all its citizens (MoSHE, 2020a).

With this developmental objective in mind, the 51 public universities in Ethiopia have been classified into
three categories—research, applied science, and comprehensive universities. The research universities were
meant to focus on scientific research by offering masters’ and PhD programmes. To do so, these universities
established research centres to collaborate among one another, and with international academic
institutions. Staff members at these universities were expected to conduct research and publish in
internationally recognized academic journals. This expectation differed from universities that prepared
professionals to practise in the world of work (e.g., business and industry) and do research supported by
their links to institutions and indusandtries. The comprehensive universities in turn were expected to teach
undergraduates, and to conduct research as academic institutions, (Sisay, 2020; Wodwossen, 2020).

For the past decade and a half, Open, Distance, and e-Learning (ODeL) has been successfully supporting
the Ethiopian higher education landscape as it is offered by international universities that operate in
collaboration with public and private higher education institutions. This sector has arguably contributed
positively towards the human capacity development of the country. However, the authors of this article,
who are employed at one of these ODeL institutions operating in Ethiopia, were aware of grassroots
rumblings from both students and lecturers that may cause reputational damage, if not addressed
timeously. For example, the quality of service that the universities have provided to postgraduate students
is of major concern and should not be taken for granted. This study focused on identifying Ethiopian
students’ levels of satisfaction and dissatisfaction in relation to the support services provided by one of the
ODeL universities.
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In an ODeL system, student support services play a pivotal role, providing students with the necessary
academic and emotional support during their doctoral journey (Ngaaso & Abbam, 2016). While it is always
beneficial to support research students through academic workshops and seminars, supervisors’ support
should be responsive to students’ needs. For example, timely, constructive, and consistent feedback to
students’ submissions has been shown to keep the momentum and tempo of their work steady and increases
student satisfaction (O’Shea et al., 2015; Paposa & Paposa, 2022).

Students’ feelings of loneliness could be managed by offering guidelines, and motivating them to join
electronic networks and groups with students of similar academic interest. When students worked in
groups, their belongingness to the university was heightened, which may have increased their sense of
satisfaction (Dzakiria, 2005). A lack of student support may have resulted in lower success rates and
increased dropout rates (Sibai et al., 2021). Hence, student support services served as anchors, particularly
in ODeL institutions (Southard & Mooney, 2015).

In addition to the quality of the academic and emotional support provided to students, the concept of
satisfaction was integral to the research reported in this article. Satisfaction has been understood as a key
aspect of service quality (Teeroovengadum et al., 2016). From a marketing perspective, satisfied customers
were ambassadors to sell the services provided by the business (Dann, 2008). Similarly, in the higher
education ODeL sector, students were cared for because they were regarded as customers of and
ambassadors for their affiliated institution. Students have been perceived as customers of higher education
because major services like library facilities, course materials, and supervision systems were prepared
specifically for students. They pay fees that have sustained higher education institutions (Tsige, 2016;
Farooq et al., 2019). It is therefore imperative that educational service providers continuously strive
towards satisfying and retaining students throughout their journey from application for admission until
graduation (Jain et al., 2010).

This study investigated whether support services offered to doctoral students by an ODeL university
satisfied their expectations. We designed a quantitative methodology with a questionnaire for data
collection. The results from the responses to the questionnaire have been presented in the findings section
below.

The gaps model (Parasuraman, et al., 1985) was adopted as an analytical framework, because it was argued
that students’ complaints and apparent dissatisfaction resulted from the gap between students’
expectations and their actual experiences.

Considering the need for doctoral throughput to achieve Ethiopia’s developmental objectives, the higher
education sector should be proactive in identifying potential obstacles that may derail the production of
doctorates. To this end, this study

e investigated the level of satisfaction experienced by Ethiopian doctoral students registered at an
ODeL institution,

e identified which dimensions contributed more to explaining satisfaction, and
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¢ offered recommendations regarding the aspects institutions should capitalise on in their efforts to
improve quality.

The rest of this article explores studies related to the research problem, the theoretical framework used, a
brief description of the methodology, the findings, and discussion. The article ends with conclusions and
recommendations.

Service Quality and Student Satisfaction

The relationship between service quality and satisfaction has been a concern in various service-providing
industries, including (a) education, (b) health, (c) hospitality and tourism, and (d) the police service. The
main purpose for discussing service quality and its relationship with satisfaction has been to identify the
drawbacks of the service provider and find solutions to overcoming such challenges. This process of
assuring quality has helped companies retain existing customers and attract new ones (Nyenya & Bukaliya,
2015).

Since this study focused on service quality and satisfaction with particular reference to doctoral students
enrolled in an ODeL university, we reviewed literature from the field of education. Accordingly, the
literature focused on students’ satisfaction and/or dissatisfaction with the quality of services offered by the
educational service providers in different countries.

Using the SERVQUAL model, Sibai et al. (2021) undertook a study on the relationship of service quality
with satisfaction. They collected data from 189 medical college students in Saudi Arabia and analysed data
by means of descriptive statistics and regression analysis. The authors found that the students were
dissatisfied with three dimensions of SERVQUAL, namely responsiveness, empathy, and tangibles.
Similarly, Wael (2015) used SERVQUAL to collect data from students of all faculties at Pavia University,
located in Italy. The study found that students’ satisfaction was low on all five dimensions (i.e., tangibles,
reliability, responsiveness, assurance, and empathy) because the students’ experiences were less than their
expectations of service quality. On the other hand, Napitupulu et al. (2018) measured student satisfaction
with service facilities by using a 14-item, 2-dimensional questionnaire. They found that expectations were
higher than experiences, and concluded that the services on offer by the XYZ University were not yet
satisfactory to the users. A similar finding (i.e., negative relationship between service quality and
satisfaction) was recorded by Khalil et al. (2018) who identified the extent of student satisfaction with
service quality dimensions. Their study population was private schools in Egypt where 900 students were
selected to fill out a questionnaire on SERVQUAL with the concept of institutional image as an added
dimension. Their findings showed that among the five dimensions of SERVQUAL, reliability and
responsiveness had a negative relationship with satisfaction. Datt and Singh (2021) studied students,
graduates, and dropouts who were exposed to the different e-services offered by a university in India. They
sent an e-questionnaire to this purposely selected group and used descriptive statistics (percentages) to
analyse the results. They found that the respondents were dissatisfied with the (a) mobile application that
was employed by the university, (b) grievance-handling system, (c) inaccessibility of the e-learning portal,
and (d) unavailability of video-recorded lectures.
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As opposed to the above, positive relationships between service quality dimensions and satisfaction were
recorded in many studies, including Kara et al. (2016) who identified service quality dimensions related to
student satisfaction. A 70-item, 5-point Likert scale questionnaire was distributed to 1,062 undergraduate
students at eight public universities in Kenya. The study found that service quality and student satisfaction
were statistically significantly and moderately related in seven of the ten dimensions. Student satisfaction
was positively related to six quality dimensions, namely (a) quality of teaching facilities, (b) availability of
textbooks, (¢) administrative service quality, (d) reliability of university examinations, (e) perceived
learning gains, and (f) quality of students’ welfare services.

Ngaaso and Abbam (2016) also showed positive relationships between student support service quality and
satisfaction. Respondents were 564 distance learning students at the University of Education in Ghana who
filled out a four-point Likert scale questionnaire. The following were found to be the most important
contributors to students’ satisfaction: (a) self-check questions and exercises at the end of each chapter, (b)
readiness of help desk staff to give the necessary assistance, and (c) the knowledge and skills of professors
and tutors. On the other hand, Khalil et al. (2018), found tangibles, empathy, and assurance were positively
related with satisfaction. In addition, school image was found to have a positive relationship with
satisfaction, and contributed the biggest share in explaining satisfaction.

Ntabathia (2013) also showed positive relationships between service quality and satisfaction, after
collecting data using HEAPEREF, a 41-items scale with 5 dimensions, distributed to 180 private university
students in Nairobi, Kenya. The findings showed that the dimensions of reputation (i.e., university’s image
in the eyes of the public and employers) and programme issues (i.e., the importance of offering a variety of
reputable academic programmes in a flexible manner) had statistically significant relationships with
satisfaction. Secreto and Pamulaklakin (2015) focused on ODeL students’ level of satisfaction with the Open
University of Philippines student portal, developed for the purpose of facilitating students’ academic
journey. They sent a 14-item online survey questionnaire to undergraduate and postgraduate students at
the university. They deliberately addressed students who had experienced both manual and online systems
for registration, making payments, checking grades, accessing the online library, contacting their course
lecturers, and the like. Generally, students were more satisfied with the online system, which they said was
characterized by “reliability, accessibility, simplicity and clarity of instructions” (Secreto & Pamulaklakin,

2015, p- 40).

Similarly, Sembiring (2015) distributed a questionnaire to distance education graduates from Terbuka
University in Indonesia to determine if there were any correlations between the five dimensions of
SERVQUAL and satisfaction. This study showed that reliability, empathy, and responsiveness were directly
related with the graduates’ satisfaction when they were students at the university. Sembeiring
recommended that the university focus on continuing to improve on these three dimensions of service
quality so that satisfaction, which in turn had a direct impact on student retention and persistence, would
be secured.

As indicated, various studies on student satisfaction were conducted with both negative and positive
findings, and they provided concrete ideas on the relationship between the service quality and satisfaction.
In a similar manner, this study was conducted to determine the level of student satisfaction with the
different student support services offered to doctoral candidates registered at an ODeL institution. There is
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scant literature on doctoral students’ satisfaction, with specific reference to ODeL mode of learning in
Ethiopia and other African countries. Our study contributed to addressing this knowledge gap.

Theoretical Framework

This study used the gaps model (Parasuraman, et al., 1985) as an analytical framework so as to identify gaps
between expectations and experiences in service quality. Examining the gaps between these two constructs
served a diagnostic purpose, revealing the causes of customers’ satisfaction or dissatisfaction with services
and highlighting ways to sustain and improve customer satisfaction.

According to the gaps model (Parasuraman, et al., 1985), if services are found to be better than expected,
then customers are satisfied. If customers’ experiences are the same as their expectations, this is mere
satisfaction. However, if customers’ expectations exceed their experiences of the services on offer, they may
experience dissatisfaction. In measuring this phenomenon, the authors of the model developed 10 service
quality determinants from an exploratory study that involved different service-providing firms.

In a further study, the authors (Parasuraman et al., 1988) elaborated on the gaps model for measuring
service quality by using empirical research on different service providers. Rigorous statistical methods,
including Cronbach’s alpha and factor analysis, were used to test and re-test the model. The procedures
assisted in reducing the dimensions of service quality from 10 dimensions to 5 by removing redundancies
and combining the similar ones. Test items were generated for each dimension. This resulted in a 22-item
questionnaire that elaborated the following five dimensions (Parasuraman et al., 1988, p. 23):

e tangibles (“physical facilities, equipment, and appearance of personnel”);
¢ reliability (the “ability to perform the promised service dependably and accurately”);
e responsiveness (“willingness to help customers and provide prompt service”);

e assurance (“knowledge and courtesy of employees and their ability to inspire trust and
confidence”); and

e empathy (“caring, individualised attention the firm provides its customers”).

Methods

The target population for this study was 465 doctoral students in an ODeL university operating in Ethiopia.
The sample was selected through convenience sampling. The students were reached by telephone and asked
to consent to and participate in the study. Those who agreed were asked for their private e-mail address to
which the questionnaire, that is shown in Appendix I, was sent. As a result, 260 questionnaires were
collected. Out of these, only 227 were suitable for analysis (IV = 227). Of the 227 respondents, 85% were
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aged 31 to 50 years, 96% were males, and 83% were married. The respondents were enrolled in various
disciplines offered by the university, including education, health, business, agriculture, and science.

The questionnaire was standardised by means of (a) inter-rater reliability (K = 0.89); (b) content validity
(I-CVIs ranging from 0.88—1.00 and S-CVI = 1.00); (c) pilot testing to identify redundant items; (d)
Cronbach’s alpha (a ranging from 0.76—0.90 for the five dimensions); and (e) factor analysis procedures
(factor loadings ranging from 0.475-0.819) in subsequent orders as stated here. These procedures, the last
two of which are shown in appendix II, contributed towards the questionnaire’s validity and reliability. The
result of this rigorous process was a 34-item Likert scale questionnaire. The five dimensions of support
served as independent variables, whereas one dimension, satisfaction, served as the dependent variable.
Table 1 shows each dimension and its meaning in the context of this study.

Table 1

Definitions of Study Dimensions

Dimension Meaning as used in this study
Supervision support Timely and constructive feedback should be provided by supervisors
in the process of guiding students to facilitate their academic
journey.
Infrastructure Provisions the university makes available to students in physical as

well as soft formats (e.g., online library, ICT services).

Administrative support Support schemes that relay valuable information and assistance
regarding processes students should follow during application for
admission and registration.

Academic facilitation Academic support programmes that fast-track students’ academic
progress to decrease dropouts and increase graduation rates.

Corporate image Issues related to how stakeholders evaluate the status or reputation
of the university.

Satisfaction Students’ feelings of fulfilment that result from their perception of
the services the university provides.

The data were found to be normally distributed; the peak fell on the mode of the normal curve as shown in
Figure 1. Such normal distribution assures that data can be analysed using inferential statistics.
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Data Distribution
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In addition, as shown in Figure 2, the linearity of the data was observed before running linear regression,
and the data were found to be close to the linear line. This also ensures the data is fit to be analysed through

the regression model.
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Figure 2

Linearity of the Relationship Between Satisfaction and the Independent Variables
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The relationship between each student support dimension and satisfaction was observed by using simple
(linear) regression. Moreover, to determine which dimension(s) among the five better explain(ed) students’
satisfaction, stepwise regression was used to filter out and indicate which dimensions contributed most.

Data Analysis, Findings, and Discussions

The Relationship Between Five Service Quality Dimensions and Satisfaction

Using average scores of the doctoral students’ expectations and experiences of service quality, the linear
regression method was used to observe the relationship of each dimension with satisfaction for the first
four dimensions. As shown in Table 2, each of the four dimensions of service quality (i.e., supervision
support, infrastructure, administrative support, and academic facilitation) had significant negative
relationships with satisfaction whereas corporate image and satisfaction were significantly and positively
related.
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Table 2

The Relationship Between the Five Dimensions and Satisfaction

Dependent variable: Satisfaction

Independent variable Beta +value D value R B

Supervision support -0.091 -5.544 0.001 0.377 0.138
Infrastructure -0.045 -1.986 0.048 0.141 0.015
Administrative support -0.118 -3.762 0.001 0.251 0.058
Academic facilitation -0.110 -2.542 0.012 0.175 0.026
Corporate image 0.439 16.412 0.001 0.744 0.552

As shown in Table 2, supervision support explained 14% of the variance in satisfaction; the relationship
between the two variables was significant and negative (R2= 0.138, F(1,185) = 30.739, p < 0.001). Regarding
infrastructure and satisfaction, the relationship was significant and negative. Infrastructure explained only
1.5% of the variation in satisfaction (R2 = 0.015, F,105) = 3.95, p < 0.05). Similarly, satisfaction was
significantly and negatively related to the dimension of administrative support, which explained 6% of the
variation in satisfaction (R2 = 0.058, Fu211) = 14.154, p < 0.001). Finally, the dimension of academic
facilitation explained only 2.6% of the variation in satisfaction (R2 = 0.026, F(,204) = 6.46, p < 0.005). The
relationship was negative and significant.

These findings show that the doctoral students’ satisfaction was statistically significant and negatively
related with the four dimension of service quality (i.e., supervision support, infrastructure, administrative
support, and academic facilitation).

Similar findings (i.e., statistically significant negative relationships between service quality dimensions and
satisfaction), were recorded by Napitupulu, et al. (2018), Sibai et al. (2021), and Wael (2015). Similarly,
Datt and Singh (2021) showed that students were dissatisfied with most of the e-services on offer.
Conversely, however, Kara et al. (2016), Secreto and Pamulaklakin (2015), and Ngaaso and Abbam (2016)
found statistically significant positive relationships between service quality dimensions and satisfaction.

By contrast, we found that corporate image and satisfaction were significantly and positively related (R2 =
0.552, F,217) = 269.34, p < 0.001). This dimension accounted for the highest variation in satisfaction, at
55%. The two variables were strongly related, and one can conclude that the doctoral students were satisfied
by the corporate image of the ODeL university. This result was in line with Khalil et al. (2018) and Ntabathia

(2013).

As shown above, the relationships between satisfaction and all the five dimensions of service quality were
statistically significant. However, the magnitude of relationship with the four dimensions with negative
relationships was too small to make meaningful conclusions from the findings without further measuring
the weight of the dimensions’ contributions to satisfaction.
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Dimension(s) with More Explanatory Power

We sought to identify whether any dimensions made greater contributions to explaining the students’
satisfaction. This procedure was deemed helpful in focusing on issues that need improvement to guarantee
students’ satisfaction in the provision of student support services. Accordingly, stepwise regression was run,
and the findings showed that two dimensions, namely supervision support and corporate image, stood out.
Together, these dimensions explained 60% of the variance in satisfaction (R2 = 0.599, F(2,145) = 110.684, p
< 0.001) as shown in Table 3 below.

Table 3

Explanatory Dimensions

Dependent variable: Satisfaction

I iabl

ndependent variable Beta t value p value R R
Corporate image 0.420 12.543 0.001 0.777 0.599
Supervision support -0.041 -3.233 0.002

These findings showed that the students’ satisfaction was positively influenced by the university’s corporate
image, whereas the other dimensions were negatively related with satisfaction. Ntabathia (2013) also found
that reputation was positively related with satisfaction. In addition, Khalil et al. (2018) and Sibai et al.
(2021) found a negative relationship between satisfaction and responsiveness (which focuses on interaction
between customers and service providers). Similarly, we found a negative relationship between satisfaction
and supervision support, which included (a) acknowledging receipt of students’ submissions, (b)
responding to students’ queries, (c) giving students adequate and timely information, (d) alerting students
of useful materials, (e) giving guidance on research policies, and (f) encouraging students to work hard.

Conclusion and Recommendations

This study explored the level of Ethiopian doctoral ODeL students’ satisfaction with five dimensions of
student support services. We concluded that four dimensions among the five—namely supervision support,
infrastructure, administrative support, and academic facilitation—were negatively related with satisfaction.
The dimension of corporate image had a significant and positive relationship with satisfaction. To
determine the relative contribution of the five dimensions in explaining satisfaction, stepwise regression
was run; corporate image and supervision support were the greatest contributing factors. These two
dimensions explained 60% of the variation in the doctoral students’ satisfaction. This is a very important
finding because supervision support and image/reputation are relevant to both conventional and ODeL
institutions that offer doctoral degrees, hence the findings of this article give good insights internationally.

To enhance quality, we recommend that the university focuses more on the dimensions of supervision
support and corporate image in order to improve doctoral students’ satisfaction. We emphasise that
supervision support should entail timely responses with meaningful and constructive feedback on students’
proposals or chapters. This can have an important impact on keeping students active and energised with
the ultimate effect of increasing the number of graduates. Moreover, guiding research students with
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important information regarding relevant literature, rules, and policies of research, as well as motivating
and encouraging them would increase throughput. Improving the use of current technological media that
facilitate ease of communication with the students would improve supervision support services and increase
success rates. The university should also work on building its corporate image and that of ODeL in general,
as this mode of delivery affords access to many, especially disadvantaged students who cannot access
conventional modes of learning. ODeL’s flexibility, affordability, use of technology in enhancing access to
knowledge, and eventually bringing the qualifications home should all be emphasised, especially to assist
those who work while enrolled in postgraduate education.

Other studies using the SERVQUAL or similar models could be undertaken in Africa and internationally.
Future studies could identify ODeL doctoral students’ levels of satisfaction and/or dissatisfaction with
support services at educational institutions that employ e-learning models.

The standardized questionnaire from this study may also be adopted and modified in any way deemed
important.
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Appendix A: Final Questionnaire

Dear Colleague,
Thank you so much for your willingness to complete this questionnaire. The questionnaire involves two
types of expected responses. First, please indicate your expectations of the student support services that

should be provided. Second, respond regarding your actual experiences of the student support services
provided to you since you enrolled. Kindly respond frankly and accurately.

162



Please record your responses regarding student support services in columns A and B.

Indicate your expectations in column A and your actual experiences in column B.

Respond using the following scale: 0 = None, 1 = Little, 2 = Some, 3 = Much, and 4 = Very Much

Please highlight/underline/encircle the one response that best describes your views in both columns A and B.

Service

A
To what extent do you feel that supervisors should
provide this type of service?

B
In your experience, to what extent do supervisors
actually provide this type of service?

1) give c?ea'r c01;1'1r<nents on s;uden’: o " 5 3 4 o 1 5 3 4
submissions like proposals or chapters None Little Some Much Very Much None Little Some Much Very Much
2) ackno.wl.edge tbeil recelp’i of students o L 5 3 4 o 1 5 3 4
submissions without delay None Little Some Much Very Much None Little Some Much Very Much
3) give e}?eqlue;te 1nformat10ndto students o L 5 3 4 o 1 5 3 4
on ethical clearance procedures None Little Some Much Very Much None Little Some Much Very Much
4) alelﬁ students (3f useful 11‘esogrces related o 1 5 3 4 o 1 5 3 4
to the students’ doctoral projects None Little Some Much Very Much None Little Some Much Very Much
5) communicate with students via different
technological media like e-mail, Skype, o 1 2 3 4 o 1 2 3 4
chatting, and the like None Little Some Much Very Much None Little Some Much Very Much
6) give guidance to students regarding
policies alnd rulles (e.g., pl?gifmshm,‘ o " 5 3 4 o 1 5 3 4
structural requirements o the thesis) None Little Some Much Very Much None Little Some Much Very Much
that govern doctoral studies
7) respond (tio studentsi s(ilb;n‘lssmns within o L 5 3 4 o 1 5 3 4
an agreed upon period of time None Little Some Much Very Much None Little Some Much Very Much
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8) periodically encourage students to make

h ired submissi h 0 1 2 3 4 o 1 2 3 4
the required submissions (e.g., chapters) None Little Some Much Very Much None Little Some Much Very Much
9) be fairly consistent over time in the

comments they give to students unless o L 5 3 4 o ) 5 3 4

new deyelopments in the field dictate None Little Some Much Very Much None Little Some Much Very Much

otherwise
10) provide information about research o L 5 3 4 o 1 5 3 4

fund possibilities None Little Some Much Very Much None Little Some Much Very Much
11) ensure that the library is rich in e- o 1 5 3 4 o ) 5 3 4

journal and e-book collections None Little Some Much Very Much None Little Some Much Very Much
12) ensure that the online library is

accessible seven days a week throughout 0 1 2 3 4 o 1 2 3 4

the year None Little Some Much Very Much None Little Some Much Very Much
13) make myLife e-mail account user- o " 5 3 4 o ) 5 3 4

friendly None Little Some Much Very Much None Little Some Much Very Much
14) ensure that ICT resources are up-to-date 0 1 2 3 4 0 1 2 3 4

None Little Some Much Very Much None Little Some Much Very Much

15) provide technical assistance when o " 5 3 4 o 1 5 3 4

students face ICT-related problems None Little Some Much Very Much None Little Some Much Very Much
16) ensure that library possesses a wide o " 5 3 4 o 1 5 3 4

range of subject-related materials None Little Some Much Very Much None Little Some Much Very Much
17) ensure that library is equipped with o L 5 3 4 o ) 5 3 4

recent research books None Little Some Much Very Much None Little Some Much Very Much
18) make computer labs accessible to o " 5 3 4 o ) 5 3 4

students None Little Some Much Very Much None Little Some Much Very Much
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19) Centre be in a location accessible to

i 0 1 2 3 4 0] 1 2 3 4
students None Little Some Much Very Much None Little Some Much Very Much
20) provide information on doctoral
applications in both hard copy and 0 1 2 3 4 o 1 2 3 4
digital (online) format None Little Some Much Very Much None Little Some Much Very Much
21) provide a response regarding admission
decisions on first applications within a o 1 2 3 4 o 1 2 3 4
reasonable period None Little Some Much Very Much None Little Some Much Very Much
22) ensure that registration and re- o 1 5 3 4 o 1 5 3 4
registration processes are user-friendly None Little Some Much Very Much None Little Some Much Very Much
23) ensure that decisions of departmental
hlgger d?grees corlnmlttees on dqctoral o L 5 3 4 o 1 5 3 4
students proposa’s are comm.umcated None Little Some Much Very Much None Little Some Much Very Much
to students as quickly as possible
24) provide information about
delmsitratl(;/e procedu?es 1nYolwng o " 5 3 4 o ) 5 3 4
octoFa §tu ents (e.g., intention to None Little Some Much Very Much None Little Some Much Very Much
submit, library procedures)
25) provide training to students on how to o " 5 3 4 o 1 5 3 4
develop a doctoral proposal None Little Some Much Very Much None Little Some Much Very Much
26) make sure doctoral
Workshops/ siemlnars/ ’galnlng a(ildress o L 5 3 4 o 1 5 3 4
1ssues are re evantto t € researc None Little Some Much Very Much None Little Some Much Very Much
projects students are involved in
27) provide training programs in the form of 0 1 2 3 4 o) 1 2 3 4
seminars/colloquia for students who None Little Some Much Very Much None Little Some Much Very Much




have progressed beyond the proposal
phase

28) provide training on data analysis

. 0 1 2 3 4 o] 1 2 3 4
software packages (e.g., SPSS, Atlas-ti) None Little Some Much Very Much None Little Some Much Very Much
29) the university is a leading open distance o " 5 3 4 o 1 5 3 4
e-learning university None Little Some Much Very Much None Little Some Much Very Much
30) graduates of this university have a o L 5 3 4 o ) 5 3 4
favourable image in Ethiopia None Little Some Much Very Much None Little Some Much Very Much
31) university grants doctoral degrees that o " 5 3 4 o 1 5 3 4
are of international standard None Little Some Much Very Much None Little Some Much Very Much
32) Ethiopians who have graduated from
this university are proud of their o 1 2 3 4 o 1 2 3 4
qualifications None Little Some Much Very Much None Little Some Much Very Much
33) 1{ 1"ec<()1mm(;n('1 thlsfum?;ersrcy tg o " 5 3 4 o ) 5 3 4
riends/relatives/family members None Little Some Much Very Much None Little Some Much Very Much
34) overall, I am S}iltlsfl.ed @th the services o L 5 3 4 o 1 5 3 4
rendered by the university None Little Some Much Very Much None Little Some Much Very Much
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Appendix B: Factor Loadings and Cronbach’s Alpha Test Results

Support service component

Questionnaire Items Supervision Infrastructure Administrative Academic  Corporate
support support facilitation image
Clear comments from supervisors 0.751
Supervisors acknowledge receipt of students’ submissions 0.738
Information on ethical clearance procedures 0.642
Alerting students on useful resources 0.702
Using different technological media for communication 0.715
Guidance on governing rules and policies 0.732
Supervisors’ timely responses to students’ submissions 0.759
Supervisors periodically encourage their students 0.738
Supervisors’ comments consistent over time 0.727
Supervisors give information on research fund possibilities 0.726
a = 0.90
Library contains e-book and e-journal collections 0.661
Online library accessible throughout the year 0.705
ICT resources up-to-date 0.664
Assistance for ICT-related challenges 0.612
Centre library stocking subject-relating materials 0.708
Centre library stocks recent research books 0.649
Accessibility of computer labs 0.597
Accessibility of location 0.484
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Questionnaire Items

Support service component

Supervision Infrastructure Administrative Academic  Corporate
support support facilitation image
a=0.84
User-friendliness of myLife e-mail 0.475
Provision of information on doctoral application 0.671
Responses on admission decisions 0.713
User-friendliness of registration and re-registration 0.769
Time span in communicating HDC decisions on proposal 0.547
Provision of information on administrative procedures 0.551
a=0.78
Doctoral proposal development training 0.664
Relevance of training to students’ research 0.735
Provision of programs for post-proposal students 0.711
Training on data analysis software 0.648
a=0.76
University is a leading ODL university 0.781
Public image of graduates 0.819
Degree meets international standard 0.761
Graduates have pride in their qualifications 0.816
a=0.83
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Abstract

Massive open online courses (MOOCs) have emerged as an affordable way to distribute knowledge and
democratize education. The examination of online courses calls for theoretical models and instruments that
contemplate its particularities. The community of inquiry (ColI) framework has been used in several studies
to analyze the effectiveness of online education and hybrid education, including MOOCs. This study aimed
to translate and validate the Community of Inquiry Survey instrument (Arbaugh et al., 2008) into Brazilian
Portuguese, and used a two-stage methodological design for translating and validating a questionnaire. In
the first stage, we carried out translation, back-translation, and cross-cultural adaptation. We translated
the 34 items while maintaining the survey’s original format. In the expert evaluation phase, all items were
considered understandable and essential for inclusion in the Brazilian Portuguese version of the Col
instrument. In the second stage, a prospective cross-sectional study was conducted to validate the
questionnaire, and data was collected from participants completing the Nursing Assessment MOOC
available on the Limina platform. A total of 690 responses were gathered. The resulting instrument
produced excellent results, and the three presences achieved high reliability indexes, clearly indicating their
adequacy. Furthermore, this study proved the validation of the Col instrument, maintaining the three-
factor structure previously reported in the literature corresponding to the three presences: teaching, social,
and cognitive presence. We recommend further studies to evaluate the need for excluding or altering
cognitive presence items.

Keywords: Instrument validation, community of inquiry, exploratory factor analysis, massive open online
courses, instrument translation, Brazilian Portuguese
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Translating and Validating the Community of Inquiry Survey
Instrument in Brazil

Massive open online courses (MOOCs) have emerged as a way to distribute knowledge produced by
renowned institutions, and to democratize teaching on different platforms in an affordable and low-cost
manner (Barba et al., 2018). Moreover, during the COVID-19 pandemic, MOOCs became an important
educational tool with increased enrollments and flexibility, given that several providers reduced fees (Impey
& Formanek, 2021). Even in a post-pandemic projection, MOOCs can be considered a staple tool. They can
also provide learning experiences for higher education students, such as learning with minimal supervision
and instructor-learner interaction. Furthermore, universities can maintain this teaching format as a
replacement for or complement to offerings in some theoretical disciplines (Safri et al., 2020).

However, the examination of online courses requires theoretical models and instruments that contemplate
their particularities. The community of inquiry (CoI) framework is a theoretical model that has guided the
development of online learning and evaluation of its effectiveness (Garrison et al., 2000). It was deliberately
intended to guide the development of online and computer-mediated education.

The Col was based on the ideas of John Dewey, and has constituted an important reinforcement to the use
of constructivist theories of learning in higher education (Garrison et al., 2000). The Col model considered
three elements: teaching presence, social presence, and cognitive presence (Garrison et al., 2000). Teaching
presence consists of granting, facilitating, and directing cognitive and social processes, to achieve learning
outcomes with personal meaning and educational value (Garrison et al., 2000). Social presence is the ability
of students to project themselves socially and emotionally, and to be perceived as real people in mediated
communication (Garrison et al., 2000). Finally, cognitive presence is the extent in which students are able
to construct and confirm meaning through sustained reflection and discourse, which allows a continuous
evaluation of the organization of critical thinking and reflections throughout the course (Garrison et al.,
2000, 2001).

Developed by Arbaugh et al. (2008), the Col Survey instrument consisted of 34 items with a 5-point Likert
scale, designed to measure students’ perceived levels in teaching presence, social presence, and cognitive
presence. In 2007, this research instrument was applied in four different institutions located in the United
States and Canada. The study participants were enrolled in graduate courses in education or
administration. A total of 287 students volunteered to answer the survey, with a response rate of 43%
(Arbaugh et al., 2008). In 2008, the Community of Inquiry Survey instrument was formally proposed and
validated to strengthen and expand the use of the Col.

Consistent with the design of the instrument, items 1 to 13 (teaching presence) loaded more strongly into
factor 1. Items 14 to 22 (social presence) had more influence on factor 2. Finally, items 23 to 34 (cognitive
presence) had more influence on factor 3. Cronbach’s alpha yielded internal consistencies equal to 0.94 for
teaching presence, 0.91 for social presence, and 0.95 for cognitive presence (Arbaugh et al., 2008).

This instrument has been used in different countries, and has been translated into and validated in many
languages in order to expand its use (Ma et al., 2017; Moreira et al., 2013; Olpak & Kilic Cakmak, 2018;
Velazquez et al., 2019; Yu & Richardson, 2015). Up to now, the instrument has not yet been validated and
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adapted to Brazilian Portuguese, limiting its use in this language, which is an imminent need for the
development of research evaluating distance education.

The Col has been used in several studies to analyze the effectiveness of online education and hybrid
education; it has also been used to evaluate MOOCs. These studies explored teaching, social, and cognitive
presence in contexts beyond strictly instructional and impersonal models to those that enable interaction
(Caskurlu et al., 2020; Stenbom, 2018; Velazquez et al., 2019; Yu & Richardson, 2015). However, despite
confirming the potential for the use of the Col to provide a better understanding of learning processes in
MOOC:s, it is still necessary to explore how course design affects the three Col presences (Kovanovic et al.,
2018).

In nursing teaching, we found reports of the Col being used in hybrid education at undergraduate and
graduate levels, characterized by the development of collaborative activities with exchanges between
participants, especially using discussion forums (Miils et al., 2016; Phillips et al., 2013; Stephens &
Hennefer, 2013). In a study to investigate the level of knowledge of the Col structure and its applicability to
the design of online and hybrid courses in Australian higher education nursing schools, the results showed
that instructors classified the three presences (i.e., teaching, social, and cognitive) of the Col framework as
applicable to teaching nursing online (Smadi et al., 2019). Also, instructors who were familiar with the Col
structure reported that they would probably recommend the structure of the Col to a colleague (Smadi et
al., 2019).

This current study was justified by the need to use instruments cross-culturally and adapted to other
languages, in order to expand their applicability for other cultures. Specifically, this study aimed to translate
and validate the Col Survey instrument for Brazilian Portuguese.

Method

Study Design

We followed Beaton et al.’s (2000) methodological design for translating and validating a questionnaire.
Before starting the process, e-mail consent was obtained to translate and validate the CoI Survey instrument
from English into Brazilian Portuguese. In the first stage, translation, back-translation, and cross-cultural
adaptation were conducted. In the second stage, a prospective cross-sectional survey was conducted to
validate the translated questionnaire.

First Stage: Translating and Adapting the Questionnaire to Portuguese

The first translation stage was performed by two independent translators who translated the Col to
Portuguese. The researchers then synthesized the two versions, resulting in a single Portuguese version. In
the back-translation step, the Portuguese version was translated back into English by two others translators
who both had mastery of English. For one of the translators, English was their mother tongue. All items
were evaluated for semantic, idiomatic, cultural, and conceptual equivalences. The final Portuguese version
was composed by the researchers’ consensus.
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To finish this stage, the Portuguese questionnaire, translated in the online format, was made available as a
pre-test to a convenience sample of 30 nursing students participating in the Nursing Assessment MOOC
conducted by the Universidade Federal do Rio Grande do Sul and hosted on the Limina platform.

Second Stage: Questionnaire Validation Process

To validate the questionnaire, data was collected from the Nursing Assessment MOOC available on the
Limina platform using an online form. Between September 2019 and February 2020, 1,063 students
responded to the research instrument. Incomplete responses were excluded, resulting in a total of 690
responses.

Data Analysis

Exploratory factor analysis was performed using the Statistical Package for Social Sciences (SPSS, version
21). The variables were described by mean and standard deviation. Cronbach’s alpha coefficient was used
to determine the internal consistency of the instrument. In evaluating the instrument structure along three
subscales, factor analysis by principal components and with varimax rotation was applied. To verify the
adequacy of the sample for factor analysis, the Keyser-Meyer-Olsen (KMO) measurement was obtained.
The association between the domains (i.e., teaching, social, and cognitive presence) was measured by
Pearson’s correlation test. A 5% significance level was adopted (p < 0.05).

Ethical Issues and Permissions

All the procedures adopted in this study complied with the criteria on Ethics in Research with Human
Beings, according to Resolution no. 466 (December 12, 2012) of the National Health Council of Brazil
(Government of Brazil, 2012). This research was approved by the Research Ethics Committee of the
Universidade Federal do Rio Grande do Sul.

Results

First Stage: Translating the Questionnaire

The 34 items of the Arbaugh et al. (2008) survey were translated without any difficulty while maintaining
the original format (Appendix).

Second Stage: Validating the Questionnaire

The sample of 690 resulted in a KMO measurement of 0.96. The sample size (N = 690) for this study was
considered adequate, meeting the recommendation of 10 or more respondents per item of the questionnaire
under validation (Nunnally, 1978). The measure of adequacy of the KMO sample demonstrated that the
factor analysis was reliable. Table 1 shows the total explained variance of the main components. Specifying
a three-factor solution accounts for 65.1% of the total variance. More than half (57.4%) of the total variation
of this three-factor solution was attributed to the first two factors. Component analysis suggested a fourth
additional factor; however, it did not show as significant variation as did the first three factors, which was
also apparent in the sedimentation graph (Figure 1).
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Table 1

Total Variance for the CoL Instrument Explained by Factor Analysis with Varimax Rotation

Initial own values

Factor Total % variance % cumulative

1 15.554 45.747 45.747

2 3.973 11.684 57.431

3 2.620 7.707 65.138

4 1.323 3.801 69.029
Figure 1

Sedimentation Graph of Factor Analysis of CoL Instrument

Eigenvalue
7]

T T T T T T
1 2 3 4 5 8

Factor Number
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Table 2 lists the load factor for each of the 34 items of the Col in terms of the three factors. Items 1 to 13
(teaching presence) had more influence on factor 2, and items 14 to 22 (social presence) had more influence
on factor 1. Items 23 to 34 (cognitive presence) had more influence on factor 3, except for items 277 and 28
that presented stronger loads for factor 1. Cronbach’s alpha produced internal consistencies of 0.94 for
teaching presence, 0.95 for social presence, and 0.91 for cognitive presence. The three domains showed a
positive correlation with each other (Table 3).

Table 2

Component Rotation Matrix for Col Instrument

Factor
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1 2 3

1. The instructor clearly communicated important course topics. .004 .681 .337

2. The instructor clearly communicated important course goals. -.077 .694 .299

3. The instructor provided clear instructions on how to participate .011 730 .332
in course learning activities.

4. The instructor clearly communicated important due dates/time .144 .703 .225
frames for learning activities.

5. The instructor was helpful in identifying areas of agreement .192 774 .247
and disagreement on course topics that helped me to learn.

6. The instructor was helpful in guiding the class towards .156 772 .315
understanding course topics in a way that helped me clarify my
thinking.

7. The instructor helped to keep course participants engaged and  .359 752 113
participating in productive dialogue.

8. The instructor helped keep the course participants on taskina  .300 751 .234
way that helped me to learn.

9. The instructor encouraged course participants to explore new .336 713 .237
concepts in this course.

10. Instructor actions reinforced the development of a sense of .409 720 157
community among course participants.

11. The instructor helped to focus discussion on relevant issuesina .318 713 .237
way that helped me to learn.

12. The instructor provided feedback that helped me understand .457 .658 121
my strengths and weaknesses relative to the course’s goals and
objectives.

13. The instructor provided feedback in a timely fashion. 456 .643 .087

14. Getting to know other course participants gave me a sense of .812 .228 126
belonging in the course.

15. I'was able to form distinct impressions of some course .796 .221 .129
participants.

16. Online or Web-based communication is an excellent medium .498 .261 .309
for social interaction.

17. I felt comfortable conversing through the online medium. 726 .194 .230

18. I felt comfortable participating in the course discussions. .854 .161 184

19. I felt comfortable interacting with other course participants. .863 .183 172

20. I felt comfortable disagreeing with other course participants .871 .161 121
while still maintaining a sense of trust.

21. I felt that my point of view was acknowledged by other course .870 151 132

participants.
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22. Online discussions help me to develop a sense of collaboration. .846 .163 212

23. Problems posed increased my interest in course issues. .208 .259 .638
24. Course activities piqued my curiosity. 116 .290 782
25. I felt motivated to explore content-related questions. .079 .299 762
26. I used a variety of information sources to explore problems .380 .110 .397

posed in this course.

27. Brainstorming and finding relevant information helped me .569 .192 .445
resolve content-related questions.

28. Online discussions were valuable in helping me appreciate .730 187 .316
different perspectives.

29. Combining new information helped me answer questions 424 .166 .628
raised in course activities.

30. Learning activities helped me construct explanations/solutions. .210 .281 744

31. Reflection on course content and discussions helped me .304 .231 .699
understand fundamental concepts in this class.

32. I can describe ways to test and apply the knowledge created in .252 .219 710
this course.

33. I have developed solutions to course problems that can be .247 .210 .697
applied in practice.

34. I can apply the knowledge created in this course to my work or  .060 .219 751
other non-class related activities.

Note. Observation: Extraction method: Principal Component Analysis.
Table 3

Correlations Between the Col Instrument Domains

Teaching presence Social presence Cognitive presence
Domain
Teaching presence 1 .573%* .620%*
Social presence .573%* 1 .582%*
Cognitive presence .620%* .582%* 1

Note. Pearson correlation, significant at level 0.01** (2 ends).

Discussion

The suggestion of adding a fourth factor to the model has been discussed since the original validation of the
instrument. However, as well as the data found in this study, the sedimentation graph fails to inform the
possibility of a fourth additional factor, considering the intense decrease in the magnitude of the
eigenvalues of the first and second factors (Arabaugh et al., 2008). The structure of three factors was also
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maintained and confirmed in the Korean version; this study used exploratory and confirmatory factor
analysis to evaluate its validity found 63.82% of the explanation of the structure within three factors (Yu &
Richardson, 2015). Despite keeping the initial structure, the Chinese version of the instrument suggested
additional emphasis on teaching presence (Ma et al., 2017). In a study conducted specifically with MOOCs,
the analysis suggested a six-factor model to better adjust the data (Kovanovic et al., 2018).

We observed that two items of cognitive presence, items 27 (debating and searching for relevant
information helped us solve content-related issues) and 28 (online discussions were valuable in helping us
understand different perspectives), pointed more strongly to social presence. In part, this phenomenon can
be explained by the MOOC course design. It is possible that discrepancies between the dynamics of
traditional online courses and MOOCs affect students’ perceptions of the three presences of the Col
(Kovanovic et al., 2018); studies have suggested that further research is needed into the role of social
presence in MOOCs (Poquet et al., 2018, Stranach, 2017). However, in the validation for the Korean
language, conducted with online graduate courses, the authors also suggested the removal of two items
from social presence, as well as one item of teaching presence, resulting in a model of 31 items (Yu &
Richardson, 2015). On the other hand, the Turkish version of the instrument maintained the 34-item
structure (Olpak & Kili¢ Cakmak, 2018).

Conclusion and Limitations

This study aimed to translate and validate the CoI Survey for Brazilian Portuguese. The resulting instrument
produced excellent results, and the three presences achieved high reliability indicators, demonstrating their
adequacy.

Furthermore, this study further validated the Col instrument, maintaining the structure of three factors—
teaching presence, social presence, and cognitive presence. Using the validated and adapted Col makes it
possible to increase its use in the Brazilian context in order to support the development and evaluation of
distance education in Brazil. In addition, applying the instrument translated to Brazilian Portuguese allows
for further studies to compare different educational realities. We recommend conducting studies to evaluate
the need to exclude or alter cognitive presence items.

As a limitation of this study, we emphasize that the validation of the instrument translated into Brazilian
Portuguese took place in a single MOOC and not in a blended format. Thus, we suggest further studies to
use and evaluate the instrument validated in other online course formats.
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Appendix: Dimensions and Items of the Brazilian Col Survey
Instrument - Comunidade Investigativa

Presenga de Ensino

Planejamento e Organizacio

1. O instrutor informou claramente os t6picos importantes do curso.
O instrutor informou claramente os objetivos principais do curso.
O instrutor apresentou instrucdes claras sobre como participar das atividades de aprendizagem do
curso.

4. O instrutor informou claramente as datas e os prazos principais para entrega das atividades de
aprendizagem.

Facilitacao

5. O instrutor auxiliou a identificar areas de concordancia e discordancia nos tépicos do curso que me
ajudou a aprender.

6. O instrutor, ao orientar a atividade, auxiliou na compreensao dos topicos do curso de forma que ajudou
a esclarecer meu pensamento.

7. O instrutor auxiliou a manter os participantes do curso envolvidos e participativos em didlogos
produtivos.

8. O instrutor auxiliou a manter os participantes do curso nas atividades de forma que me ajudou a
aprender.

9. O instrutor incentivou os participantes a explorarem novos conceitos neste curso.

10. As ag6es do instrutor reforcaram o desenvolvimento do senso de comunidade entre os participantes do
curso.

Instrucdo de direcionamento

11. O instrutor auxiliou em direcionar a discussao para questoes relevantes de forma que me ajudou a
aprender.

12. O instrutor forneceu retorno que me ajudou a compreender meus pontos fortes e fracos.

13. O instrutor forneceu retorno em tempo hébil.

Presenca social

Expressao afetiva

14. Ter contato com os demais participantes deu-me a sensacgio de pertencimento no curso.
15. Eu fui capaz de formar impressoes distintas sobre alguns dos participantes do curso.
16. A comunicac¢ao online ou através da internet é um excelente meio para interacao social.
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Comunicagao aberta

17. Eu me senti confortavel me comunicando online.
18. Eu me senti confortavel participando das discussées do curso.
19. Eu me senti confortavel interagindo com outros participantes do curso.

Coesao do grupo

20. Eu me senti confortdvel em discordar de outros participantes do curso, mantendo a sensacio de
confianca.

21. Eu senti que meu ponto de vista foi reconhecido por outros participantes do curso.

22, As discussoes online me auxiliaram a desenvolver a sensacao de colaboracao.

Presenga cognitiva

Evento disparador

23. A proposic¢io de problemas aumentou o meu interesse nas questoes de curso.
24. As atividades do curso instigaram minha curiosidade.
25. Eu me senti motivado a explorar questées relacionadas ao contetido.

Exploragao
26. Eu utilizei varias fontes de informacao para explorar problemas propostos neste curso.
27. O debate e a busca por informactes relevantes me ajudaram a resolver questoes relacionadas ao

contetdo.
28. As discussoes online foram valiosas para me ajudar a valorizar diferentes perspectivas.

Integragao

29. A combinagio de novas informacgoes me ajudou a responder questdes que surgiram em atividades do
curso.

30. As atividades de aprendizagem me ajudaram a construir explicagdes/solugoes.

31. A reflexdo sobre o contetido do curso e as discussdes me ajudaram a compreender os conceitos
fundamentais das aulas.

Resolugao

32. Eu posso descrever maneiras para testar e aplicar o conhecimento gerado neste curso.

33. Eu desenvolvi solugdes para os problemas do curso que podem ser aplicadas na prética.

34. Eu posso aplicar o conhecimento gerado neste curso no meu trabalho ou em outras atividades nao
relacionadas ao curso.
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Escala de Likert:

1 = discordo totalmente
2 = discordo

3 = neutro

4 = concordo

5 = concordo totalmente
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contribution of open textbooks specifically focused on education,
technology-enabled learning, learning design, and research. All of the
texts are freely available online with open licenses that enable reuse
and remix by educators, students, and self-learners.

The text under review, An Introduction to Open Education, features contributions from several authors,
many of them well established in the open education research and practice literature. The book has been
edited and compiled by eight authors and appears to be a collaborative project created by faculty and
graduate students at Brigham Young University. It includes sections on foundations of open education,
research into open education, future directions for open education, and obstacles to the use of open
educational resources (OER). The book concludes with appendices including an author list, glossary and
keyword list, and a useful hyperlinked index with links to key issues discussed in the text.

The book begins with a section outlining the foundations of open education, most specifically focussed on
OER. A definition of the term is aptly described to have relevance to all individuals, be it learners in formal
education settings, educators, or self-directed learners. This usefully widens the context and applicability
of OER to all individuals. This section of the book contains excellent material on copyright, including
discussions of open licensing, fair use, and the public domain. Overall, this foundation section provides an
excellent overview for those new to OER and open licences, and clearly explains why these are important to
support increasing access to teaching and learning.

The foundation section includes a useful discussion on file formats and technical considerations for
ensuring OER are useable. This material resonated in particular with me as a result of my experiences
supporting educators and teacher candidates as they identify and attempt to use and remix OER. File
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formats and technical issues can at times cause friction in the use of OER, and I believe this was a useful
addition to the book’s foundation section. I appreciated this discussion on file formats and the digital
literacies needed to navigate and combine different media types to create new OER. The framework guiding
this discussion, known as ALMS, suggests that publishers and OER creators consider access to the necessary
editing tools, level of editing expertise, meaningfully editable formats, and self-sourced materials. The
ALMS framework provides a thoughtful lens for creators to consider when making OER available as well as
a way to scrutinize OER in terms of reusability.

The OER research section tackles many of the issues related to OER, including resource selection, quality
assurance, continuous improvement, and the efficacy of OER. Many of the chapters appear to be
adaptations of peer-reviewed studies previously published in a variety of open access journals and include
links to the previous versions as published. The chapter provides a thoughtful collection of the topical
research into OER.

The future directions section includes four chapters focused on open pedagogy, again compiled from
previously published articles or blog posts. I am not entirely convinced that open pedagogy represents a
future direction; from the content of this section, it appears that the authors may share this view. Open
pedagogy is very much a current path for OER as many educators and students are taking up the practices
associated with open education in exciting ways. There may have been a missed opportunity here to
showcase the research and work being done in and around open pedagogy and in doing so, include more
diverse voices and perspectives in this section.

Structurally, I believe that the content in the final sections on recognizing and overcoming obstacles as well
as assumptions and challenges of open scholarship could have been included in the future directions
section. The recognizing and overcoming obstacles section contains only a single chapter. As it stands, the
issues around obstacles and barriers to OER use, as well as that of open scholarship, may be considered
future directions (and/or current trends) as posited in the previous section.

The book concludes with a section including slide desks and video presentations from a selection of PhD
students at Brigham Young University. I would have liked to see this section introduced in more detail, as
well as provide information about how the student contributions came to be part of the book. Many of the
videos included transcripts both within the video and provided as part of the text. These presentations
provide a nice addition to the text, showcasing various student perspectives.

Leveraging the online format of this textbook, it includes several videos, slide decks, links to further
resources, lists of common questions, H5P interactives, and chapter feedback surveys. These enhance the
book by providing additional resources, interactivity, and feedback mechanisms.

Overall, An Introduction to Open Education would benefit from more consistency around citation practices
throughout the chapters. While some chapters contained a reference list in APA format, others adopted
footnotes, while still others used hypertext links directly in the text. Consistency across the collection of
chapters would be a useful improvement to this resource. A reference list by chapter would also be a
valuable addition to the book index.
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Generally, this book adds to our understanding of open education, most specifically focused on an
understanding of OER and the issues related to their use. Particularly, this resource serves as a valuable
introductory text for those new to open education; it would serve graduate students and faculty new to these
practices and approaches very well.

The growing collection of EdTechBooks is well worth a review for anyone working, teaching, or studying in
the area of education, technology-enabled learning, learning design, or research. An Introduction to Open
Education is a great addition to the collection. I imagine this text, like others in the collection, will evolve
as it is taken up, revised, and progresses further, informed by the feedback mechanisms built in through
chapter surveys and remixability provided by the open license and friction free access by educators,
students, and self-learners.
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The blended and online learning ecosystem is a complex multi-

Education
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stakeholder environment. Not until the unprecedented COVID-19
pandemic hit did technology-enabled education become an integral
feature of many higher educational systems, including Canada’s. Its
scope has expanded massively and rapidly in recent years, and as a
result, research priorities in this emerging field must also adapt.
While the needs and conditions in societies where the research is

taking place are critical, true knowledge about pertinent factors is
rarely readily available (Holmberg, 2005). The Finest Blend fills the gap by delving further into the research
and practice of blended and online learning in Canadian higher education and introduces the reader to the
complexities of transitioning into technology-mediated instructional designs and practices.

To set the stage for the rest of the book, Michael Power (in Chapter 1) provides a historical review of how
the traditional way of university class delivery and pedagogic practice through voice and text-based
methods that are largely used in distance learning have intersected with evolving media and technology.
Power uses the pendulum swing as a metaphor to denote open universities’ efforts to facilitate graduate-
level best practices in online and hybrid learning in the wake of technology advances and shortcomings. In
the second chapter, Jay Wilson reflects on his autoethnographic research of a faculty member mentorship
program and proposes a systematic approach to assisting professors in using technology and demonstrating
how to apply frameworks throughout course preparation. Employing design-based research (DBR),
Jennifer Lock and her colleagues (Chapter 3) investigate the instructional design of online orientation and
its impact on students’ readiness for learning online. They stress the instructor’s critical role in allowing
intentionality and flexibility for students with any skill sets to begin their online learning journeys, the
requirement for orientation programs to reflect the real academic online environment, and the program
designs from student perspectives to establish the required supports for students to build the capacities
essential for success in an online learning environment.
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Jane Costello and her colleagues (Chapter 4) share the reflections of four senior instructional designers’
self-study on relationships with content authors and their crucial roles in supporting faculty practice and
enabling the integration of media and technology in the graduate online learning environment. Wendy
Kraglund-Gauthier (Chapter 5) performed a study on instructional designers’ support of faculty practice
through participatory action research. She examines faculty members’ transition in teaching techniques
and pedagogical thinking as they move from face-to-face classrooms to an online environment that
incorporates synchronous and asynchronous interaction. In Chapter 6, Sawsen Lakhal showcases research
results of a scholarship of teaching inquiry into current practices of the blended synchronous delivery mode
in Quebec, highlighting the use of voice and text methods and the benefits and challenges that faculty
members and students have encountered.

Following a survey of socioeconomic factors influencing the use of open educational resources in modern
blended online graduate programs and three related case studies, Kathy Snow (Chapter 7) sheds light on
the efforts made and challenges faced by a publicly funded university in developing sustainable “open”
education initiatives to make learning a social process and to foster a learning ecosystem that extends
beyond the time and space constraints of typical university education. Maurice Taylor and his collaborators
(Chapter 8), using a qualitative case study research design, explore the learning needs and preferences of
professors and students in their current practices of blended graduate program learning. In addition, they
showcase initial insights into the balance between text and voice in their graduate blended learning
program. Chapter 9 presents the findings of a virtual ethnographic investigation by Gale Parchoma and her
collaborators into synchronous and asynchronous instructional designs in a doctoral course, as well as
student engagement and embodiment. The concluding chapter by Jennifer Lock and Michael Power
summarizes the primary ideas, problems, and issues raised in the preceding chapters, as well as the
practical implications and future research directions.

The edited collection’s core strength lies in the eclectic positionality of the contributors. Twenty-two authors
from diverse backgrounds in eight “dual mode” universities with English and French language delivery
across Canada have contributed to this 375-page volume. They are well-known scholars and researchers in
technology-enabled and blended online education. Besides the editors themselves (Gale Parchoma, Michael
Power, and Jennifer Lock), who are prominent figures known for their scholarship of teaching and learning
in Canadian higher education, the contributors are recognized specialists in instructional science and
design in higher education. Furthermore, this book includes experiential material in practical examples that
help the reader see the contributors’ concerns in technology-enhanced innovation of contemporary
university learning design. They showcase comprehensive exploration of how graduate learning practices
have changed, looking at pan-Canadian views, and discuss the different lines of models and methodologies
employed within graduate university contexts. What has come out of this book is also an insight into how
text and voice are used in graduate education programs delivered in a hybrid or online format across
Canada.

However, more elaboration at the beginning of the book about the voice- and text-based learning
environments in the Canadian context could have helped novice readers from broader backgrounds to gain
deeper comprehension about the (initial) situation in context. In addition, amidst several technology-
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enabled blended and online learning innovations and strategies highlighted in this book, only a few brief
elaborations on the particular technologies employed or/and integrated are present.

Despite these concerns, the volume successfully confirms the importance of equitable instructional designs
and pedagogical practices in the emerging educational transformation to open and borderless blended
online learning environments. It provides perspectives from a wide range of blended online learning
scholars and empirical and personal accounts in higher education. The book is a valuable resource to
academics, scholars, postgraduate students, educators, policymakers, instructional design specialists,
administrators, and other stakeholders interested in educational innovation in areas such as technology-
mediated pedagogy, virtual-based research, and blended online learning experiences in postsecondary
contexts.
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The author, Richard F. Heller, is an established academic with more than 50 years of experience
internationally in the higher education sector. He commenced his academic career in the United
States, traversing the United Kingdom and Australia thereafter. His key forte is his vast experience in
multiple educational settings and contexts, ranging from small to large classes, and multiple delivery
types including problem-based and online learning. In addition to his lecturing, he has held a number
of senior leadership roles and is a prolific researcher, with over four hundred publications to his
credit.

Since Heller’s journey into academia commenced without any formal training in the educational
context, his book The Distributed University for Sustainable Higher Education resonates for many
academics who have transitioned from students to lecturers during their higher education journey.
Heller’s practical and evidence-based approach to sharing his learnings during his varied academic
journey at a number of higher education institutions provides a realistic view of the proposed
“distributed university.”

Organisation/Structure

The book is structured into five sections. Heller commences with a narrative description of the
progression of higher education from the “first to the fourth-generation universities.” Thereafter, in a
systematic approach, he outlines what he believes are the main challenges universities face in the
current context. Section three proposes solutions that can be explored to minimise the impact of the
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potential problems outlined in section two. Section four address the burning issue of funding required
for an institution to sustain itself. Finally, Heller brings together the content presented in sections one
through four in a comprehensive case study.

The main attraction of this book is its accurate reflection of an academic’s journey in higher education,
especially one without any formal degree or diploma in education. The author’s regular references
made to the literature, to substantiate his claims, strengthen the book. Additionally, reference to
actual examples during his own tenure, clearly illustrated in diagrams (e.g., Figure 2.1 on p. 8),
provides the required evidence to support his conclusions.

Heller also highlights key issues that academics face with the watering down of incentives associated
with good teaching practices. Since a large portion of government subsidy is obtained from research
publications, many universities have adopted a more authoritarian management style that promotes
competition between and within universities, increasing bullying associated with “managerialism.”
Building trust is key to overcoming this.

While Heller acknowledges that all countries provide funding for the university sector, the extent of
this government support varies, as does the combination of public and private universities and the
reliance on student fees, all of which impact the financial sustainability of an institution. Many
countries have now demanded that a larger portion of university costs should be borne by the students
to help governments save costs. The author outlines that competition between universities should
encourage them to improve their courses in an attempt to improve the quality of their offerings.
However, the current business models adopted by universities highlight how higher education
uncritically adopted emerging societal trends without considering whether they were relevant.
Collaboration, as opposed to competition, is needed, and to support this, Heller proposes a new
Bloom’s taxonomy to include collaboration (Figure 3.1 on p. 58).

Assessment of Significance to the Field of Distance Education
Theory, Research, and/or Practice

While The Distributed University for Sustainable Higher Education may have been written pre-
COVID-19 pandemic, the information presented is extremely relevant in the context of the pandemic.
The author highlights that the main mode of a successful university in the future will be online
learning. While he acknowledges that this does “not preclude face-to-face experiences, and there are
some things which can only be taught in person” (p. 63), digital transformation to embrace the fourth
industrial revolution is imperative if an institution wants to sustain itself. The book transitions from
problems to solutions and then addresses budget aspects to be considered before presenting key
points to consider for the future of higher education. This approach ensures that the author builds a
logical argument for the disruptions in higher education. Acknowledging the limitations associated
with implications of a greater reliance on technology, Heller stresses, however, that “young people use
the online space for so many of their activities,” and so failing to “fully realise this in an educational
context is misguided in the extreme, and misses a wonderful opportunity” (p. 64). The book makes a
meaningful contribution to the literature on online education, research, and best practices. It stands
apart from other literature in the area through its practical approach to making online education an
integral part of the university of the future while ensuring environmental sustainability.
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Overall Impression

I would highly recommend this book to higher education management and decision makers, as the
author’s pragmatic approach weaves together integral components of the fourth-generation
university, including highlighting the need for collaboration, embracing online learning, considering
environmental sustainability, and embracing technology to minimise the challenges associated with
inequalities in access, affordability, downgrading of teaching in reward systems, and managerialism.

He proposes three new programmes. The first is the “International Tertiare (International Degree)
Programme” to “reduce unnecessary competition between universities, reduce opportunities for
managerialism, enhance international collaboration and the internationalisation of education” (p. 60).
The second is the “Global Online Learning Programme (Australia Online),” which relies on embracing
online learning as its foundation and could result in

a wide reach across geographies, gender, levels of income and employment;
costs of travel and accommodation [...] avoided, and manpower [...] not
depleted during education; environmental sustainability; no evidence that e-
learning is less effective than face-to-face teaching; and access to a wide
range of educational resources that are freely available on the web (Open
Educational Resources), reducing costs of production. (pp. 74—75)

The third is “Plan E for Education,” which “questions the rationale for educational resources,
produced in whole or in part through government funding, playing into the competitive business
model of the higher education” (p. 78). Thus, Plan E would have three potential delivery strands:
“Students access materials through the university that has produced them as per current practice,
individual students could access materials for their own learning, and third-party organisations can
contextualise and deliver them in innovative ways” (p. 89). This would complement the move towards
the “distributed university,” which would allow the higher education sector to have a sustainable
future (p. 80).

Though the lucid experiences outlined in this book are drawn largely from the health arena, the
presentation of the concepts, linked to the literature, ensures its general applicability across the
university sector.
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Abstract

MOOCs (massive open online courses) have attracted considerable attention from researchers. Fueled by
constant change and developments in educational technology, the trends of MOOCs have varied greatly
over the years. To detect and visualize the developments and changes in MOOC research, 4,652 articles
published between 2009 and 2021 were retrieved from Web of Science and Scopus with the aid of CiteSpace.
This study sought to explore the number of publications, co-citation network, cluster analysis, timeline
analysis, burstness analysis, and dual-map overlays based on co-citation relationships. The first finding was
that the number of publications on MOOCs had increased consistently, and grew especially quickly between
2013 and 2015. Second, the main topic of the top 10 co-cited studies revolved around the problem of learner
continuance. Third, blended programs, task-technology fit, and comparative analysis have emerged as
popular subjects. Fourth, the development of MOOC research has followed distinct phases, with 2009 to
2012 the starting phase, 2013 to 2015 the high growth phase, 2016 to 2018 the plateau phase, and 2019 to
2021 another peak phase. Lastly, both cluster analysis and dual-map overlays provided empirical evidence
of cross-disciplinary research. Our findings provided an in-depth and dynamic understanding of the
development and evolution of MOOC research and also proposed novel ideas for future studies.
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MOOC s as a Research Agenda: Changes Over Time

Around the world, the education system is changing with the rapid development of information and
communication technologies (Hoy, 2014). Massive open online courses (MOOCs) are a product of the
development of educational technology. Providers in the US (edX, Coursera, Udacity, Kahn Academy,
Udemy), China (Icourse, XuetangX, Zhihuishu), UK (FutureLearn), Europe (Iversity, FUN), Korea (K-
MOOC), Middle East (Rwaq, Edraak), and Australia (Open2study) have transformed and upgraded
traditional education by providing a more flexible, equitable, and cost-efficient approach (Brahimi &
Sarirete, 2015). The growth of MOOCs has attracted many researchers, and the MOOC approach continues
to be a popular research topic.

Several studies have looked into the fundamental qualities of MOOCs such as the platforms, courses,
students, and teachers. For example, the issue of MOOC design has been raised since curriculum quality,
determined by course design, plays an important role in teaching (Jordens & Zepke, 2009). Based on their
examination of the teaching environment and characteristics of online platforms, Guardia et al. (2013)
presented some principles for the design of MOOCs. These principles focused on empowering learners, and
encouraged them to develop learning plans, engage in collaborative work, and express diverse opinions,
thereby having a profound effect on the design of MOOCs.

An interdisciplinary trend integrating MOOCs into other fields has continued to develop (Wahid et al.,
2020). For example, Zhou (2016) raised concerns about students’ acceptance in MOOCs, using
psychological theories such as the theory of planned behavior (Ajzen, 1985) and self-determination theory
(Ryan & Deci, 2000). The combination of public media and MOOCs is another field widely discussed by
scholars (Bulfin et al., 2014; Rowan & Hartnett, 2019). For example, Kovanovi¢ et al. (2015) focused on the
public discourse of MOOCs and retrieved major topics and themes from news reports; they found that the
main topics discussed in the media have changed over the years. Interaction is also an important aspect of
MOOC research. Past studies have examined interactions between teachers and students, among students,
and between humans and computers (Sunar et al., 2016).

Systematic investigations of MOOCs have been fruitful. The first systematic review of MOOCs was by
Liyanagunawardena et al. (2013). They retrieved the literature published from 2008 to 2012 and analyzed
the development of MOOCs during that period. Similarly, Zheng et al. (2019) explored researchers’ interests
and the development of MOOCs from 2012 to 2018 by examining the network of citations and overlapping
keywords. A more comprehensive review by Wahid et al. (2020) examined 3,118 studies extracted from
WOS (Web of Science) and Scopus databases, and analyzed the papers’ sources, titles, fields of study, and
keywords. They also explored the co-authorship, co-citation, and co-keywords relationships with
VOSviewer.

Our study differed from previous studies in several respects. First, with more papers published on MOOCs,
our study contained more comprehensive data, showing a bigger picture of MOOCs as a global movement.
Furthermore, in contrast to the static analysis of MOOCs research profiles only, our research put effort into
tracking its development over time. Moreover, rather than understanding developments and emerging
trends through keywords, our research focused on co-citation relationships, an effective way of identifying
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complex networks and studying their evolution (Callon et al., 1983). Exploring the dynamics of emerging
trends, developments, innovation points, and topics of a particular knowledge domain in a given period has
become essential to researchers in an ever-changing society (Chen & Liu, 2020). To delve deeply into the
developments in MOOCs between 2009 and 2021, this study focused on the number of publications, co-
citation network, cluster analysis, timelines (Chen, 2017), burstness (Chen et al., 2012), and dual-map
overlays (Chen & Leydesdorff, 2014) based on co-citation relationships and using CiteSpace.

Data Collection and Research Methods

Data Collection

WOS and Scopus provided users with prompt access to information from various literature databases
(Mongeon & Paul-Hus, 2016). They were also considered indispensable tools for bibliometric analysis
(Meho & Yang, 2006). WOS contained more papers on natural sciences and engineering while Scopus
provided more coverage of social sciences and humanities (Mongeon & Paul-Hus, 2016). Combining WOS
and Scopus made it possible to obtain complete data. The data used in this study were retrieved on Oct 27,
2021 from WOS and Scopus using the following retrieval formula:

e Topic: Massive open online courses or massive open online course. Several articles with either
keyword in their title, abstract, or keywords were obtained.

e Timespan: 2009 to 2021 in WOS and Scopus. The first paper on MOOC research (Chongfu et al.,
2009) was published in 2009.

e Document types: Articles, review articles, and early access in Science WOS; conference papers and
articles in Scopus.

e Language: English. Literature related to MOOCs has been written in many languages, but only
papers written in English were collected in this study.

In the end, 4,256 articles were extracted from Scopus and 1,599 articles from WOS. Since there was some
overlap between the two databases, CiteSpace was used to filter and reduce the duplication of the literature;
623 articles were discarded. Finally, 4,652 records, including 3,129 Scopus records and 1,523 WOS records,
were used in the study.

Research Method

Scientometrics is a powerful method for analyzing bibliometric networks (Van Eck & Waltman, 2014).
Among various scientometrics analysis software, CiteSpace can effectively extract citations data; thus, it has
been widely used by researchers (Synnestvedt et al., 2005). Compared with other science mapping tools,
CiteSpace was designed with strong functionalities to detect and interpret new developments and emerging
trends from research disciplines through clear visualized network diagrams (Hou et al., 2018). Therefore,
CiteSpace (5.8.R3) was selected for this study.

195



MOOCs as a Research Agenda: Changes Over Time
Zhang, Che, Nan, and Kim

Results

Number of Publications

Table 1 presents the number of articles published on MOOC research from 2009 to 2021, including the total
number of papers published each year and the yearly proportion of the total. There was a dramatic increase
in MOOC research during this period. Since the data were acquired in October 2021, only a portion of that
years’ worth of data was examined. The first two papers related to MOOCs appeared in 2009, marking the
beginning of MOOC research. From 2009 to 2012, only 20 papers related to MOOCs were published.
Interestingly, the year 2013 witnessed a dramatic increase in MOOC research, with 114 papers recorded
that year. The total number of papers spiked after 2014, reaching its peak with 768 papers published in
2020.

Table 1

Yearly Totals of MOOC Research Publications From 2009 to 2021

Year Number of documents Percentage of total
2009 2 0.0%
2011 10 0.2%
2012 8 0.2%
2013 114 2.5%
2014 258 5.5%
2015 463 10.0%
2016 491 10.6%
2017 537 11.5%
2018 699 15.0%
2019 714 15.3%
2020 768 16.5%
2021 589 12.7%
Total 4,652 100.0%

Co-Citation Network

Co-citation analysis has become the leading tool for empirically studying the structure of scientific
communication (Gmiir, 2003). Therefore, we first did a co-citation network analysis to find the structure
of MOOC research, as shown in Table 2 and Figure 1.
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Top 10 Co-Citation References
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Frequency Citation

Title

197

197

172

169

153

151

119

117
111

107

Liyanagunawardena et al. (2013)

Breslow et al. (2013)

Littlejohn et al. (2016)

Hew & Cheung (2014)

Hone & El Said (2016)

Kizilcec et al. (2013)

Alraimi et al. (2015)

Margaryan et al. (2015)
Pappano (2012)

Daniel (2012)

MOOCs: A systematic study of the published literature 2008—2012

Studying learning in the worldwide classroom: Research into edX’s
first MOOC

Learning in MOOCs: Motivations and self-regulated learning in
MOOCs

Students’ and instructors’ use of massive open online courses
(MOOCs): Motivations and challenges

Exploring the factors affecting MOOC retention: A survey study

Deconstructing disengagement: Analyzing learner subpopulations
in massive open online courses

Understanding the MOOCs continuance: The role of openness and
reputation

Instructional quality of massive open online courses (MOOCs)

The year of the MOOC

Making sense of MOOCs: Musings in a maze of myth, paradox and
possibility
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Figure 1

Network of Top 10 Co-Citation References (2009—2022)
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We obtained 864 nodes and 1,860 links. Figure 2 shows the references whose co-citation count was beyond
70. We chose the 10 references cited most frequently as our research points (Table 2). It was clear that the
bibliometrics that included the data from 2008 to 2012 (Liyanagunawardena et al., 2013) and the
exploration of the first MOOC in edX (Breslow et al., 2013) tied for first place. The third (Littlejohn et al.,
2016) and the fourth (Hew & Cheung, 2014) were related to the motivations of using MOOCs. Hone and El
Said (2016), Kizilcec et al. (2013), and Alraimi et al. (2015) ranked fifth, sixth, and seventh respectively; all
three explored the factors that influenced low MOOC completion rates. Instructional design quality was
explored by Margaryan et al. (2015) and it was ranked eighth in frequency. Both of the last two, Pappano
(2012) and Daniel (2012), described MOOCs in general; the former focused more on the attraction of
MOOCs, while the latter shed objective light on dropout rates.

Cluster Analysis

The first step in exploring a knowledge domain is to identify highly cited documents using co-citation
analysis; the second step is to analyze documents to determine the key research domain (Shi & Liu, 2019).
In order to understand the topics of MOOC research, we conducted cluster analysis based on the co-citation
network. The results are shown in Table 3 and Figure 2.
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Table 3

Top 10 Clusters of the Co-Citation Network with Automatically Retrieved Labels

Cluster ID Size  Mean(Year) Label (LLR)
o) 57 2013 discussion forum participation (357.11, 1.0E-4)
1 55 2016 blended program (178.67, 1.0E-4)
2 44 2014 educational data science (285.57, 1.0E-4)
3 44 2017 task-technology fit (308.02, 1.0E-4)
4 41 2014 recent development (341.84, 1.0E-4)
5 39 2013 anatomy massive open online course (346.89, 1.0E-4)
6 38 2012 digital culture (236.09, 1.0E-4)
7 37 2016 comparative analysis (190.7, 1.0E-4)
8 36 2014 using deep learning (129.7, 1.0E-4)
9 33 2012 massive open online courses (362.08, 1.0E-4)

Note: Mean (Year) represents the average number of years that papers associated with each cluster were published.

Figure 2 illustrates the network diagram of citation references with labels.
Figure 2

Top Nine Clusters Based on Co-Citation Network (2009—2021)

CiteSpace, v. 5.8.R3 (64-bit)
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In total, 86 clusters, including 840 nodes and 1,146 links, were formed. We analyzed the largest 10 clusters
in more detail (Table 3). In Figure 2, the 10 clusters are displayed in the network with corresponding
numbers: #0 to #9 indicate different cluster sizes, with 0 representing the largest size and 9 representing
the smallest. Accordingly, #0 discussion forum participation was the core topic in the MOOC research field,
followed by #1 blended program. Then, #2 educational data science, attracted many scholars and ranked
third. The fourth, called #3 task-technology fit, and #4 recent development, indicated that technical
advancements made significant contributions to the development of MOOCs. Topics such as #5 anatomy
massive open online course, #6 digital culture, and #7 comparative analysis represented emerging frontiers
and hotspots in MOOC research, and ranked sixth, seventh, and eighth, respectively. Finally, #8 using deep
learning was ranked ninth, followed by #9 massive open online courses.

Timeline Analysis

Timeline analysis displays the labels of clusters year by year, with appearance and disappearance times,
thereby vividly showing dynamic changes (Chen, 2017). To reveal the gradual changes of MOOC research
topics, we employed the year-by-year clustering function of CiteSpace to draw the timeline map based on
co-citation relationships in Figure 3.

Figure 3

Timeline Map of the Top Nine Research Topics

CiteSpace, v. 5.8.R3 (64-bit)
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Note: A higher resolution version is available.

Figure 3 focuses on the top nine clusters based on the co-citation network of MOOC research. According to
the cluster duration, #0 discussion forum participation occupied the core position from 2009 to 2017; it
was not only the favorite topic in the MOOC research field but also the earliest one. Although #5 anatomy
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massive open online course, #6 digital culture, and #9 massive open online courses, have interested
scholars since 2010, their passions and enthusiasm did not last long, only four, five, and five years,
respectively. Similarly, #8 using deep learning, spanned a short period, from 2013 to 2017. Since emerging
in 2012, #4 recent development, maintained its presence until 2018. Apart from that, #2 educational data
science, remained a notable research topic from 2012 to 2019. Compared to the clusters cited above, it is
worth mentioning that #1 blended program, #3 task-technology fit, and #7 comparative analysis, have
become the emerging frontiers in current MOOC research.

Burstness

Citation burstness is defined as an index indicating the frequency with which a particular reference is cited
within different periods (Chen et al., 2012). Specifically, the higher the citation rate, the greater scholars’
attention to the research topic. Detecting the burstness of literature has been regarded as an important way
to explore the research frontier of a particular field in a specific period (Hou et al., 2018). In this study, we
also employed the function of burstness in CiteSpace to explore the citation bursts of references (see Table

4).
Table 4

Top 20 References with the Strongest Citation Bursts

Citation Strength ~ Begin year End year 2009 to 2021
Kop (2011) 33.46 2011 2016 ——
Pappano (2012) 31.4 2013 2017 —
Daniel (2012) 30.73 2013 2016 —
Kolowich (2013) 12.06 2013 2016 —
McAuley et al. (2010) 10.35 2013 2015 —
Daniel (2012) 8.95 2013 2016 —
Liyanagunawardena et al. (2013) 29.92 2014 2016 p—
Breslow et al. (2013) 21.8 2014 2018 ——
Yuan & Powell (2013) 17.62 2014 2017 —
Kizilcec et al. (2013) 8.57 2014 2017 —
McAuley et al. (2010) 8.54 2014 2015 -
Yang et al. (2013) 8.83 2015 2017 —
Hew & Cheung (2014) 18.08 2017 2019 —
Kizilcec et al. (2013) 11.87 2017 2018 -
Littlejohn et al. (2016) 22.48 2019 2022 —
Barak et al. (2016) 13.34 2019 2022 —
Kizilcec et al. (2017) 13.02 2019 2022 —
Kaplan & Haenlein (2016) 12.71 2019 2022 —
Alraimi et al. (2015) 11.6 2019 2020 -

Note. The time interval on the timelines is blue; the red line segment depicts a burst’s start and end.
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As aresult, 243 burst items were found. We analyzed 20 references with the strongest citation bursts. Table
4 presents detailed information—first appearance, beginning year, ending year, strength, and timeline— for
the top 20 citations from 2009 to 2021. In terms of the continuity of burst time, Kop (2011) was the citation
with the longest burst time, lasting five years in total, followed by Pappano (2012) and Breslow et al. (2013),
which each lasted four years. Furthermore, 11 of the 20 burst citations began predominantly in 2013 and
2014. In 2019 there were significant changes in the MOOC research field; five bursts emerged in this period,
a development that warrants more attention as we continue to explore the MOOC research frontiers further.
As for the periods where significant changes occurred, there were many bursts in 2013 to 2014. On the other
hand, there were only slight changes in 2015 and 2018, while 2016 and 2018 were blank years, without any
citations. Nevertheless, significant changes and research developments were achieved in 2019 to 2020.

Dual-Map Overlays

Dual-map overlays enabled us to complete several novel visual analytic tasks that were previously
impossible to perform intuitively. By tracing the citation arcs with concentrated landing zones from the
origin branch, it was simple to determine whether a set of publications integrated prior work from multiple
disciplines (Chen & Leydesdorff, 2014). We drew the journal dual-map overlays, shown in Figure 4, to reveal
the distribution of the knowledge base of MOOC research.

Figure 4

A Dual-Overlay Network of MOOC Research Based on JCR Journal Map (2009—2021)

Note: A higher resolution version is available.

Figure 4 maps the subject areas of MOOC research. Each node represents the research subject classified by
CiteSpace, based on WOS and Scopus classifications. The left side depicts the base map of citing journals,
while the right is the base map of cited journals. The colorful lines between the two maps represent the cited
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relationships of the target and source. As shown in Figure 4, more citing papers were published in the
psychology, education, health area. Moreover, more cited papers were published in the psychology,
education, social area. In addition, the subjects of mathematics, systems, mathematical gathered significant
literature from citing journals and systems, computing, computer from cited journals.

Discussion

Number of Publications

Although the overall number of publications for 2021 was incomplete at the time of the study, the increase
in yearly publications of MOOC research from 2009 to 2021 was clear. With more students engaged in
MOOCs, more attention to them has come from government, educators, and commercial institutions (Yuan
& Powell, 2013). The years 2013, 2014, and 2015 were noteworthy breakout years with a clear surge,
probably driven by the promotion of MOOC platforms including edX, Coursera, and Udacity in the United
States (Schuwer et al., 2015).

Co-Citation Analysis

As for the top 10 papers based on the co-citation analysis, in addition to some fundamental explanation of
MOOCs, the focus of MOOC research has been more on students’ continuance using MOOCs. Although
Daniels (2012) first raised the problem of low completion rates in 2012, the lack of data prevented
researchers from doing further studies at that time (Liyanagunawardena et al., 2013). With the publication
of Breslow et al. (2013), significant progress was made, as their research was based on the data collected
from Circuits and Electronics (6.002x)—the first MOOC developed by edX—and it explored students’
learning situations and use of resources (Breslow et al., 2013). Later, studies on the issues of (a) motivation
and self-regulated learning (Littlejohn et al., 2016); (b) students and instructors (Hew & Cheung, 2014); (¢)
retention of students (Hone & El Said, 2016); (d) learner subpopulations (Kizilcec et al., 2013); and (e)
openness and reputation (Alraimi et al., 2015) tracked the problem of continued use of MOOCs.

Cluster Analysis

The result of cluster analysis showed the interdisciplinary nature of MOOC research. As seen from #3 task-
technology fit, the task technology fit (TTF) model has been applied in educational studies since 2017 (Wu
& Chen, 2017). It provided further evidence of interdisciplinary MOOC research since the TTF model was
first introduced in the information science field (Lee et al., 2003). Furthermore, keywords like blended,
data science, task-technology-fit, digital, and deep learning were further evidence of the interdisciplinary
nature of MOOC research. Our findings were consistent with Veletsianos and Shepherdson (2015), and
indicated that the scientific complexity of MOOC research was being addressed by researchers from diverse
backgrounds. In particular, the interdisciplinary approach between education and computer science was
revealed as the most remarkable.

Timeline Analysis
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Timeline analysis revealed substantial changes in the topics of MOOC research, which means that
researchers in each period had different interests. Despite that, #0 discussion forum participation, attracted
scholars’ interest early on and has been labeled the hottest research topic in the past. More recently, #1
blended program, #3 task-technology fit, and #7 comparative analysis have emerged as popular subjects.
In terms of #1 blended program, MOOCs have often been viewed as an important supplement to traditional
in-class learning (Zhang, 2016). Therefore, as of the 2020s, blended learning has become one of the key
topics of interest for researchers.

Burstness Analysis

Burstness also changed year by year. By tracking the beginning year of burstness, it was easy to find some
key turning points in the evolution of MOOCs. Before 2012, only one burstness occurred even though five
papers had focused primarily on the concept, history, challenges, and trends of MOOCs
(Liyanagunawardena et al., 2013). The years 2013 to 2015 were the period with the most rapid development
of MOOCs, with 11 bursts appearing. Progress in MOOCs was relatively flat from 2016 to 2018, with only
two bursts appearing. In contrast, 2019 was another peak period with five prominent points. Therefore, it
was evident that 2009 to 2012 was the initial phase as MOOCs were being proposed, followed by the rapid
development phase from 2013 to 2015. The period 2016 to 2018 was a relatively stable phase, with a new
peak after 2019.

Dual-Map Overlays Analysis

Dual-map overlays analysis demonstrated that the MOOC research field has encompassed much cross-
disciplinary knowledge. This is consistent with the result of cluster analysis, which also illustrated the
strong cross-domain nature of MOOCs. The results of the dual-map overlay indicated that papers dealing
with MOOCs appeared more often in journals related to education and society, in line with the original
purpose of MOOCs, namely to realize UNESCO’s goal of open and accessible education (Wahid et al., 2020).
However, it is worth noting that both citing and cited journals represented almost all journal types. With
the worldwide COVID-19 pandemic, open and massive video lectures from the world’s best professors and
the most reputable universities (Wu & Chen, 2017) in MOOCs have been regarded as an alternative way to
offline classes, thus arousing the interest of many researchers from various perspectives (Bhattacharya et
al., 2020).

Conclusion

This study conducted a bibliometric analysis of MOOC publications based on 4,652 items extracted from
WOS and Scopus. By mapping the number of publications, co-citation network, clusters, timelines,
burstness, and dual-map overlays of MOOC research, we concluded the following. First, the number of
MOOC research publications has grown consistently, particularly between 2013 and 2015, with explosive
growth. As for the top 10 co-citation articles, their main topics revolved around the problem of MOOC
participation continuance. Among all the labels, #1 blended program, #3 task-technology fit, and #7
comparative analysis were the emerging and popular subjects. Regarding analysis of burstness, the

development of MOOCs showed clear phases, with 2009 to 2012 the starting phase, 2013 to 2015 the high
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growth phase, 2016 to 2018 the plateau phase, and 2019 to 2021 another peak phase. Both cluster analysis
and dual-map overlays provided empirical evidence of cross-disciplinary research. Collaboration between
MOOCs and computer science was common in terms of research themes and journal distribution, in
psychology, education, and health journals. Research about MOOCSs also spans almost all types of journals.

Our study undertook a comprehensive overview of the systematic and objective analysis of MOOC research,
contributing to a better understanding of the past and current research frontiers and interests in MOOC
research and publications.

Limitations

CiteSpace is a professional scientometrics and data visualization tool. It enabled us to undertake structured
and timeline analysis of contributions, developments, trends, and innovations, while considering authors,
institutions, countries, and citations (Che et al., 2022). However, it is undeniable that CiteSpace has
limitations. The type of data processed by CiteSpace is limited, which means that the literature selected by
this study was not comprehensive because it lacked data available from Google Scholar and other similar
services.
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Abstract

Recent research in the field of virtual reality (VR) education is dominated by the application, experience,
and effectiveness of high-immersive environments. However, high-immersive VR may not be accessible to
all learners, with online distance learning students in particular unable to fully engage without being
supplied with appropriate accessories. These field notes shed light on the role of low-immersive VR as a
desktop tool for online distance learning students, exploring student experience of using 360° virtual spaces
to undertake a summative assessment. Primary data collection in the form of an anonymous online survey
was employed to gather feedback from postgraduate environmental management students who used low-
immersive VR to undertake an environmental management system audit of a university campus.
Quantitative results were analysed using descriptive statistics and qualitative responses using thematic
analysis. Findings indicated that with guidance from the academic teaching staff and practice using the
software, the majority of students felt both prepared and happy to undertake a summative assessment using
VR spaces. Skills development and an appreciation of the effectiveness of the assessment approach were
also highlighted as positive outcomes reinforcing findings from literature on the value of VR to improve
learning outcomes particularly with practical tasks. Limitations of the assessment content and software
were however noted by students, but both could be resolved with adaptations to the tool. It is hoped this
research will be valuable to online education providers to demonstrate the value of using low-immersive
VR within their programmes.

Keywords: virtual reality (VR), low-immersive, online learning, student experience, environmental
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Introduction

The use of virtual reality (VR) technologies in education is increasing (Makransky & Petersen, 2019;
Radianti et al., 2020), a growth which can be attributed to its value in enhancing both “learners’ cognitive
skills” and their learning outcomes (Merchant et al., 2014). Indeed, Tacgin (2020) emphasised the value of
VR learning environments, highlighting their scope for enhanced outcomes when compared to traditional
learning techniques, as well as the benefits they afford in both active participation and experimental
learning. VR technologies create “realistic learning contexts” (Wu et al., 2020, p. 1991) that can be either
high-immersive or low-immersive (sometimes referred to non-immersive or desktop). The difference
between the two is the extent to which users feel the environment and thus “the concept of spatial presence”
(Ventura et al., 2019, p. 2). High-immersive VR uses a head mounted display to facilitate engagement and
presence through panoramic video technology, whereas participants are observers in low-immersive VR
and use a device such as a computer to access the virtual space (Repetto et al., 2018; Ventura et al., 2019).
There are conflicting results on whether high or low immersion technologies achieve better learning
outcomes for users. Makransky et al. (2019) for instance found that whilst “students felt a greater sense of
presence when they used the high immersion VR [...] they actually learned less compared to the low-
immersion version of the simulation on a desktop computer” (p. 233), though Webster (2015) found that
higher immersion technologies increased learning outcomes.

Literature indicates that a range of research has been undertaken on the use of VR in instructional design
methods of education but with a specific focus on high-immersive environments (Pellas et al., 2021). Suh
and Prophet (2018) also reported an increase in scholarly activity on immersive VR technologies.
Makransky et al. (2019) emphasised that this enthusiasm and attention towards high-immersive VR could
be attributed to a number of factors including continued investment in technologies, business analyses, and
popular reports. Pellas et al. (2021) further accentuated that the widespread access to computing devices
lends itself to the application of user-centered learning experiences. However, the application of high-
immersive VR may not be accessible to all learners, with online distance students in particular unable to
fully engage in this experience without being supplied with appropriate accessories. Indeed, whilst it should
be noted that universities do provide students with access to the technology required to use more immersive
VR environments, many accessories are only available to collect on loan from their respective libraries.
Other options such as cardboard VR headsets do provide an affordable alternative to view more immersive
content, however, they have limited interaction capabilities which Powell et al. (2016) reported was not
“conducive to active exploration of a virtual space” (p. 5). These field notes will therefore develop current
understanding of online student experiences of low-immersive VR, a desktop technology which could be
valuable for students studying remotely who do not have direct access to the specialist and often expensive
equipment required for high-immersive experiences and require more media interaction than that afforded
by cardboard headsets.

VR can be used to make student learning more practice orientated (Radianti et al., 2020) and is particularly
valuable within online learning as students can undertake “real life activities” within a virtual world (Huang
& Liaw, 2018, p. 92). Wu et al., (2020) reinforced this value and specifically identified studies on
environmental issues that included “higher-order competence development, require[d] the integration of
multisensory channels and high intensity of interactions during learning” (p. 1992), which can be facilitated
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through VR. These field notes specifically explore online postgraduate environmental management
students’ experience using low-immersive VR within a summative assessment.

Methods

In these field notes, VR refers to the use of 360° panoramic photographs as a form of low-immersive media
whereby online learners manoeuvre the room through their personal computer devices. These 360° rooms
were hosted on the Seekbeak® platform. The content was created by both academic and learning media
staff at the University of Derby, a mid-sized university in the United Kingdom. Seekbeak® was chosen as it
allowed a significant amount of customisation, and images could be privately embedded into existing
university webpages. Interactive elements such as text, videos, and images were simple to include, and it
had the potential to be scaled up to use more widely across the university if required. From an educational
perspective, Seekbeak® has accessibility features built in so that there were text options for students with
either sight impairments who used screen readers, and for those who had very old equipment or poor
connection speeds. Conversely, it was simple for students with modern mobile phones and even headsets
to click a button and look around the space immersively, using their device’s built-in gyroscope rather than
a mouse or touchpad: the platform worked for all students.

This form of low-immersive VR was used within a summative assessment for an online postgraduate
environmental management course. Student users navigated the 360° spaces to perform a virtual
environmental management system (EMS) audit of a university campus site. An EMS is a structured system
used to manage an organisation’s environmental performance and responsibilities, and to minimise or
control the impact of its activities on the environment. An EMS audit is used to investigate and evaluate the
effectiveness of the EMS and the organisation’s compliance with systems, policies, and regulations. Figures
1 and 2 are examples of the Seekbeak® virtual rooms which were created using the university buildings.
Each room included a link to a site plan of the building as well as interactive elements called “hotspots”
which, when clicked, provided further details and photographs of an aspect of the room such as inside a
cupboard. The students navigated these virtual spaces to audit the university rooms and review compliance
with the university’s environmental policy, other internal commitments, such as carbon management plans,
relevant legislation, and the requirements of EMS standards.
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Figure 1

SeekBeak® 360° Room: Conference Room
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Figure 2

Seekbeak® 360° Room: Washroom in the Art and Design Department
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Students were provided with guidance on how to use the Seekbeak® software prior to their EMS audit
assessment. Practice versions of virtual rooms were available on the university Virtual Learning
Environment to explore the tool, and students were encouraged to discuss their thoughts with their peers
and the academic teaching staff both synchronously in live online drop-in sessions and asynchronously
using online discussion boards. Students were also given the opportunity to speak to the university’s
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environmental manager who undertakes the official EMS audit and to ask questions about the process and
campus sites to help them complete their own audit assessment. This authentic and applied assessment was
designed to allow students to develop key employability skills and apply their learning to a task they are
likely to undertake in their prospective job roles (Villarroel et al., 2018). This is one of several applied and
authentic assignments in the postgraduate environmental management programme within which this
module sits, but it is the only assessment which includes VR. All students in the environmental management
programme (n = 75) will complete this VR assessment as part of their core learning, but this module is also
available to students of other programmes as an optional area of study. Further, it should be noted that
students will also complete traditional assessment activities such as essays and reports within their studies
to balance their workplace skills development with academic skills.

Data Collection and Analysis

Participants for this study were recruited from among students studying a postgraduate environmental
management online module which examined environmental assessment and management tools including
EMS auditing. Primary data collection in the form of an anonymous online survey was employed to gather
feedback from students whilst they undertook the summative audit assessment which included the use of
low-immersive VR. The survey was hosted on Microsoft Forms, and the link to the survey was distributed
during the module when students were completing the assessment. The survey link was open for students
to complete for the remaining duration of the module (four weeks) until they submitted their summative
assessment. The survey used a series of closed-ended questions with a 5-point Likert scale (strongly agree,
agree, neutral, disagree, strongly disagree) to evaluate students’ views of using low-immersive VR as well
as a number of open-ended questions to allow expression of opinion. This approach was used by O’Connor
et al. (2020) to assess student experience of 3D VR in radiography education. The quantitative results from
the survey were analysed using descriptive statistics, and thematic analysis was used to analyse the
qualitative responses. The lead author undertook the data analysis, and the results and themes were then
discussed and reviewed by other members of the research team. The study was approved by the University
of Derby Online Learning Ethics Committee.

Results

The survey was distributed to 42 level 7 postgraduate students and had a response rate of 33% (n = 14).
Figure 3 highlights the quantitative outcomes of the survey.
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Figure 3

Student Responses on Their Experiences Using the Low-Immersive VR

| am happy to be using low-immersive VR for my
assessment compared to traditional assessment types
such as essays and reports

| find the low-immersive VR software accessible and easy
to navigate

| have had the opportunity to practice using the low-
immersive VR before the assessment

assessment

| understand the role of low-immersive VR in my
assessment

| feel prepared to use low-immersive VR in my _ .
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Results show 71% (n = 10) of the respondents agreed or strongly agreed that they were happy to be using
the VR software in comparison to traditional academic assessments, and 100% of the students (n = 14)
agreed or strongly agreed that they found the software easy to navigate. Whilst the majority of students
(93%, n = 13) also agreed or strongly agreed that they felt prepared to use the software, understood its value
in their assessment, and had the opportunity to practice, one student did not agree that they had had an
opportunity to use the software prior to completing their summative assessment. This student however also
reported that they strongly agreed they were prepared for the assessment, so their lack of practice time does
not appear to have overly affected their wider view of the assessment. Another student also reported that
they were not happy to be using the VR software in their assessment but had also either agreed or strongly
agreed with the other statements shown in Figure 3 so, again, this did not adversely affect their preparation
or understanding of the software.

Qualitative feedback from the survey has been collated into positive and negative views by theme as shown
in tables 1 and 2.
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Table 1

Rawson, Okere, and Tooth

Positive Student Feedback

Theme

Example comment

New skills
developed

Value of the
assessment
approach

“The experience is new to me, but it has been a good learning experience
where I am able to adapt to a future trend in EMS audit assessment. I
am able to find evidence of compliance by making certain observations I
have been trained to check and analyse.”

“Excellent opportunity to test practical areas of environmental
management and get used to industrial codes of practice such as
standards, audits and very normal situations that we could work in.”

“It supports an understanding of the bigger picture and use of tools—
without it I think it would be very hard to understand a standard
because the documents are very dry and must be applied in a practical
setting to gain full knowledge and understanding of what it means for
an organisation together with the processes needed to improve
environmental standards.”

“It is an interesting way to assess rather than standard essays.”

“I am very grateful for the practice and the sessions that we got to support
our understanding of the context of the coursework.”

“Tt is effective as a tool for assessment.”

“I think it is an excellent opportunity to test practical areas of
environmental management and get used to industrial codes of practice
such as standards, audits and very normal situations that we could work

2

m.

Table 2

Negative Student Feedback

Theme

Example comment

Limitations of the
customised content

Limitations of the
software

“It is a useful tool generally but would be complemented by interviews
and documents.”

“It would be beneficial if there were some notes provided with the low-
immersive VR. Just to add those details that can’t be told by VR alone,
such as the lights in a room being on timers or not.”

“Google maps provides a slightly more immersive and flexible
experience than Seekbeak®.”
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Students reported positive outcomes to include the new skills they had developed from using the software
as well as the effectiveness of the assessment style. Negative observations centred on the absence of
additional documentation which would have been beneficial to complete the audit assessment, with one
student noting, “It is effective as a tool for assessment but should be combined with other sources of
information and more data as well.” Another student compared the tool to other software which they
perceived to be of better quality. Further reported benefits of the low-immersive VR assessment tool were
the “opportunity [it facilitated] to communicate with colleagues and get to know each other” and the skills
developed that could be mentioned in job applications. One student reported, “It is something that can be
used to sell above other candidates.” Students also valued the opportunity to practice using the software: “I
found the VR quite easily accessible and after the [assessment] workshop, I had a much better
understanding of what was required of me.”

Discussion

Recent research in the field of VR education is dominated by the application, experience, and effectiveness
of high-immersive technology and whilst this is a valuable educational tool, it is not easily accessible to
students studying online and at a distance from the university campus where the technology is typically
located. These field notes therefore explore online student experiences with low-immersive VR which can
be accessed remotely using desktop technology. The quantitative data collected highlights that the majority
of students who participated in the survey reported a positive user experience. They were happy to use the
low-immersive VR software, understood its role, had practised, and felt prepared when using the software
and subsequently found it easy to use in their assessment.

Four key themes emerged from the qualitative data collected, and these were categorised as either positive
or negative. Positive themes included the new skills developed and the perceived value of the assessment
tool. This aligns with the benefits reported by Radianti et al. (2020), Wu et al. (2020), and Huang and Liaw
(2018) who emphasised the value of undertaking realistic practice-orientated activities, such as an audit, in
a virtual space. The student feedback on the effectiveness of the tool to support learning practical skills
when compared to other assessment formats also aligned with the work of Taggin (2020) and Merchant et
al. (2014) who highlighted the potential of VR for enhancing learning outcomes and developing learner
cognitive skills. A further interesting positive observation from the qualitative data was the student
feedback that the VR assessment provided an opportunity for peer interaction, which took place during the
practice discussions. This acknowledgement of an additional benefit beyond the aim of the assessment is
particularly valuable given that online learning is generally undertaken independently and can therefore
result in feelings of isolation. The negative themes from the qualitative data focused on the software used
and the information included. These can be resolved by adding further material to the current content
provided in the virtual spaces, thus facilitating an opportunity for the academic team to improve the task to
develop the efficacy of the VR summative assessment. Specific actions include embedding further
information into the virtual rooms via the “hotspots” tool, such as listing the chemicals stored in cupboards,
outlining the local protocols for waste disposal, which can be room specific depending on the materials
used, and providing links to the university environmental policy and internal plans and commitments. A
limitation of virtual auditing is that assumptions can be made if there are insufficient facts and figures
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provided. This additional detail will therefore support students to complete a more comprehensive and
informed EMS audit in future iterations of this assessment.

This specific EMS audit assessment and the corresponding content of the VR rooms was designed
exclusively for one online module. However, the significant customisation benefits of the Seekbeak®
platform have meant that the 360° panoramic photographs taken to develop this activity have been adapted
for use in other programmes within the university but with different content included. For example, an
office has been reimagined to explore occupational health and a kitchen used to demonstrate aspects of
environmental health, thereby demonstrating the significant flexibility and value of Seekbeak® and the
virtual spaces.

Limitations

Whilst these field notes offer valuable knowledge on student experience using low-immersive VR in online
environmental management education, two limitations should be noted. Firstly, the response rate for the
survey was lower than anticipated, an outcome which could have resulted from the research being
undertaken by the academic staff teaching the module. This may have therefore affected the
representativeness of student perceptions and experiences reported. Secondly, and comparable with the
limitations noted by O’Connor (2020), who undertook a similar study, the student perceptions obtained via
this research are subjective. Further research should therefore explore student views and competence with
the tool alongside their assessment output to determine if students who valued the experience delivered
high quality outputs. It would also be beneficial for an independent researcher to collect data from students
for pedagogic scholarly activity rather than the academic teaching staff. That said, the results from this
survey were generally positive, and these field notes have conveyed practical knowledge that may be helpful
to other universities wishing to implement low-immersive VR for students studying online.

Conclusion

VR technologies are a valuable tool for education, allowing users to enhance their learning outcomes and
develop cognitive skills. Whilst technology in high-immersive experiences increases and has a valuable
place within higher education, it is important to consider how this type of learning tool can be accessed by
online students to ensure they are afforded equivalent benefits. Low-immersive VR presents an opportunity
for online learners to experience this real-world learning within a virtual space, and they can easily access
it remotely on their own devices. This investigation into student experience using low-immersive VR has
reinforced the value of the tool to online learners and highlighted their positive view of the technology when
used in a summative assessment testing a practical skill. It is hoped this research will be valuable to online
education providers to demonstrate the value of using low-immersive VR within their programmes.
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